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NOT1 CE 

This  r e p o r t  w a s  prepared as a n  account of Government sponsored 
work. N e i t h e r  t h e  United S t a t e s ,  nor  t h e  Na t iona l  Aeronautic. 
and Space Adminis t ra t ion  (NASA), nor any person a c t i n g  on 
behal f  of NASA: 

A)  Makes any warranty or r e p r e s e n t a t i o n ,  expressed  or 
implied,  w i t h  r e s p e c t  t o  t h e  accuracy,  completene8., 
or u s e f u l n e s s  of t h e  information conta ined  in t h i a  
r e p o r t ,  or t h a t  t h e  uBe of any informat ion ,  apparatu., 
method, or process  d i sc losed  in t h i e  r e p o r t  may not 
i n f r i n g e  p r i v a t e l y  owned r i g h t e ;  or 

B) Assumes any l i a b i l i t i e s  with r e s p e c t  t o  t h e  use of, 
or for damages r e s u l t i n g  from t h e  use  of any infor- 
mation, appa ra tus ,  method.or p rocess  d i s c l o s e d  in 
t h i s  r e p o r t .  

As used above, "person a c t i n g  on behalf  of NASA" inc lude6  any 
employee o r  c o n t r a c t o r  of NASA, or employee of such c o n t r a c t o r ,  
t o  t h e  e x t e n t  t h a t  such employee or c o n t r a c t o r  of NASA, o r  
employee of  such c o n t r a c t o r  prepares ,  d i s semina te s ,  or provide. 
access t o ,  any informat ion  pursuant t o  h i s  employment or 
c o n t r a c t  w i t h  BASA, or h i s  employment with such con t r ac to r .  
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FOREWORD 
4 

This report, containing the results of a preliminary design study sponsored 
by the National Aeronautics and Space Administration, was prepared undor 
General Dynamics/Convair TCP 8459 in compliance with Contract Number NAS3- 
3245, Task Order Number 5 end Supplemental Technical Direction Number 2. 



ABSTRACT 

Two separate design philosophies for protecting the FLOX-Atlas oxidieer 
tank against overpressurization were studied. One approach, the use of 
the bollcff \calve for venting at a high pressure, was abandoned when 
e x t e n s i v e  rddificdtions became apparent. The second system of adding e 
smaller (2 3/4 lint. s i z e )  valve for  relief at maximum tank preftsurt 
proved to bc more acceptable. Three different designs were studied and 
one was recommended for use. 

ii 
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INTRODUCTION 

General  Dynamics/Convair and YASA have e s t a b l i s h e d  t h e  f e a s i b i l i t y  of using 
FLOX as an o x i d i z e r  to i n c r e a s e  the  performance c a p a b i l i t y  of t h e  Atlae 

. 

0 Space Launch Vehicle .  

The p r e s e n t  Atlas c o n f i g u r a t i o n  r e q u i r e s  a c l o s e  t o l e r a n c e  pneumatic p r e s s u r i -  
z a t i o n  system t o  main ta in  s t r u c t u r a l  i n t e g r i t y  o f  t h e  p r o p e l l a n t  tanks ,  
T h i s  c l o s e  t o l e r a n c e  p r e s s u r e  must be mainta ined  wi th  a i r b o r n e  equipment f r o m  
two minutes  p r i o r  t o  l i f t - o f f  ( i n t e r n a l  pneumatics)  u n t i l  payload s tag ing .  
During t h i s  p e r i o d ,  t h e  p o s s i b i l i t y  e x i s t s  t h a t  o v e r p r e s s u r i z a t i o n  o f  t h e  
o x i d i z e r  t ank  can occur  from two major sou rces ;  f a i l e d  r e g u l a t o r  which ie most 
c r i t i c a l  du r ing  t h e  f i r s t  few seconds,of i n t e r n a l  pneumatics (because o f  small 
u l l a g e  and h igh  i n l e t  p r e s s u r e )  and/or i n c r e a s i n g  p r e s s u r e  caused by vapor l -  
t a t i o n ,  d u r i n g  t h e  la t ter  portion of t h e  f l i g h t .  
r e q u i r e  t h a t  t h e  o x i d i z e r  t a n k  be equipped w i t h  an i n f l i g h t  re l ief  system to 
preven t  t ank  r u p t u r e  and p o s s i b l e  mis s ion  f a i l u r e .  

These i n h e r e n t  c o n d i t i o n e  

Two p r e l i m i n a r y  des ign  concep t s  of a n  a i r b o r n e  FLOX-Atias o x i d i z e r  tank  re l ief  
system a r e  covered i n  t h i s  s tudy .  S e c t i o n  I of  t h e  s t u d y  i n v e s t i g a t e s  t h e  
u s e  o f  t h e  p r e s e n t  GD/C Atlas Oxid ize r  12-inch Bo i lo f f  Valve (P/N 55-80209) 
as a FLOX t ank  a i r b o r n e  r e l i e f  valve. This i n v e s t i g a t i o n  assumed no modif i -  
c a t i o n  t o  t h e  p r e s e n t  v a l v e  except  f o r  t h e  a d d i t i o n  o f  an a i r b o r n e  re l ief  
va lve  c o n t r o l l e r  with a l l  m e t a l l i c  p a r t s  and e l i m i n a t i o n  of a l l  " s o f t  goods" 
i n  t h e  p r e s e n t  low p r e s s u r e  (ground) c o n t r o l l e r .  S e c t i o n  I1 of t h e  s t u d y  
i n v e s t i g a t e s  new r e l i e f  va lve  des igns  employing on ly  m e t a l l i c  b e l l o r 6 ,  
diaphragms, poppe t s  or o t h e r  metal l ic  seals. 

Both r e l i e f  concep t s  are designed and/or  eva lua ted  t o  meet t h e  a i r b o r n e  FU)X- 
Atlas Ox id ize r  Tank Rel i e f  Valve Performance S p e c i f i c a t i o n .  T h i s  performance 
s p e c i f i c a t i o n ,  e s t a b l i s h e d  as p a r t  of t h e  s tudy ,  is inc luded  i n  t h i s  r e p o r t  
a s  Attachment 'A,. 

-4 

0 

The d e s i g n s  p re sen ted  a r e  based on c u r r e n t  technology as determined through 
l i m i t e d  r e s e a r c h  and numerous vendor c o n t a c t s .  
w a s  made a t  t h e  beginning o f  t h e  s tudy .  Repor ts  of prev ious  e f f o r t 8  t o  
des ign  metal  t o  metal  s e a l s  were s t u d i e d .  Various companies were con tac t ed  
and/or  v i s i t e d  t o  o b t a i n  in fonna t ion  a s s o c i a t e d  wi th  r e l i e f  v a l v e s  u t i l i z i n g  
metal t o  meta l  s e a l  design.. 

A s t a t e  o f  t h e  a r t  survey  

The fo l lowing  personnei  were con tac t ed  during the  etudy eir'oi=t and rei8 
p a r t i c u l a r l y  h e l p f u l .  

R. 
G. 
F. 
R. 
h'. 
a. 
R, 
R. 

L. Kenyon 
Arms t r o n g  
Orona 
M. Hamilton 
\fo o 1 g a r  
Hadley 
Smith 
Summer. 

Pa rke r  A i r c r a f t  Company 
Flexonics  
F lu idgenic8  
Rober tshaw-Ful t o n  
B. H. I ladl ty ,  Inc. 
Demcor, Inc.  
STL 
Calmec 

Vi. 



SUMMARY 

The des ign  s tudy  f o r  adding a c o n t r o l l e r  t o  t h e  p r e s e n t  GD/C b o i l - o f f  v a l v e  
i n d i c a t e d  t h a t  it is not  f e a s i b l e  t o  u s e  t h e  p r e s e n t  va lve  as a FXOX tank 
a i r b o r n e  r e l i e f  valve.  

0 

The a l l  metal r e l i e f  valve study i n d i c a t e d  t h a t  t h e  most l o g i c a l  and t c c h n l -  
c a l l y  sound dev ice  f o r  a F'LOX a p p l i c a t i o n  was a r u p t u r e  d i s c ,  with a 
p o s i t i v e  mechanical r u p t u r e  mechanism, upstream o f  a s imple spr ing-loaded 
poppet type  r e l i e f  valve. 

. 

v i  i 
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SECTION I 

USE OF PA.W NO. 55-80209 AS AN AIRBORNE RELIEF VALVE 

OWEXTIVE 

The o b j e c t i v e  o f  t h i s  s tudy was t o  i n v e s t i g a t e  t h e  p r e s e n t  GD/C boi l -of f  
valve c o n f i g u r a t i o n  t o  determine i f  t h e  v a l v e  f u n c t i o n  could be modif ied 
t o  meet t h e  requirements  of t h e  Airborne n O X - A t l a s  Oxid izer  Tank Relief 
Valve Performance S p e c i f i c a t i o n  by adding an a d d i t i o n a l  c o n t r o l l e r .  

FONCLUS IONS 

1. , I t  is n o t  f e a s i b l e ,  without  ex tens ive  r e d e s i g n ,  t o  u s e  t h e  p r e s e n t  
b o i l - o f f  va lve  (P/N 55-80209) as  a F'LOX t a n k  a i r b o r n e  re l ie f  valve 
by adding a n  i n f l i g h t  c o n t r o l l e r  a c t u a t e d  by tank  pressure .  

2. The p r e s e n t  boi l -off  valve could be redes igned  f o r  use as an air- 
borne r e l i e f  va lve  by e l i m i n a t i n g  t h e  i n h e r e n t  i n s t a b i l i t y  and 
adding a s e p a r a t e  e x t e r n a l  p r e s s u r e  s o u r c e  and/or electrical  
s o l e n o i d  f o r  c o n t r o l l e r  ac tua t ion .  A b i - s t a b l e  c o n t r o l l e r  opera- 
t i o n  approach would be most p r a c t i c a l  f o r  accomplishing minicur  
leakage ,  f a s t  response,  and l i m i t e d  main v a l v e  poppet  stroke. 

DESCRIPTION OF OPERATION 

The p r e s e n t  b o i l - o f f  valve (BOV) c o n s i s t s  of a bel lows s e c t i o n  and a 3-way 
c o n t r o l l e r  s i m i l a r  t o  t h e  valve and c o n t r o l l e r  shown i n  F i g u r e  I. 

\!%en t h e  tank  p r e s s u r e  is below t h e  c o n t r o l l e r  s e t  p o i n t  p r e s s u r e ,  t h e  
c o n t r o l l e r  ven t  p o s t  is c losed  and t h e  supply p o r t  is open. Th i s  allow8 
p r e s s u r e  i n  t h e  BOV bellows s e c t i o n  t o  be e q u a l i z e d  w i t h  t h e  t a n k  pressure .  
Due t o  t h e  i n i t i a l  BOV bellows preload and t h e  d i f f e r e n t i a l  area of t he  
BOV bel lows s e c t i o n  exposed t o  tank p r e s s u r e ,  t h e  va lve  remains closed. 
When t h e  t a n k  p r e s s u r e  exceeds t h e  s e t  p o i n t  p r e s s u r e ,  t h e  c o n t r o l l e r  
bel lows compresses,  c l o s i n g  t h e  supply p o r t  and opening t h e  v e n t  port .  
The BOV be l lows  s e c t i o n  is  then i s o l a t e d  from t h e  t a n k  and vented t o  at- 
mosphere. When t h e r e  is s u f f i c i e n t  d i f f e r e n t i a l  p r e s s u r e  between t h e  BOV 
bel lows s e c t i o n  and t h e  t ank  u l l a g e ,  t h e  tank  p r e s s u r e  on t h e  exposed sea t  
area compresses t h e  BOV bellows s e c t i o n ,  a l lowing  t h e  t a n k  t o  vent .  When 
t h e  t a n k  p r e s s u r e  decreases  below the c o n t r o i i e r  s e t  point  pressure, the 
c o n t r o l l e r  be l lows  expands c l o s i n g  t h e  vent  p o r t  and opening t h e  supply 
p o r t .  T h i s  a l l o w s  gas t o  flow from t h e  t ank  i n t o  t h e  BOV bellows s e c t i o n .  
The BOV w i l l  r e s e a t  when t h e  tank p r e s s u r e  h a s  been reduced t o  t h e  p o i n t  
where t h e  s p r i n g  f o r c e  of t h e  bellows and t h e  f o r c e  due t o  bel lows i n t e r n a l  
p r e s s u r e  becomes g r e a t e r  than t h e  f o r c e  produced by t h e  t a n k  p r e s s u r e  on 
t h e  exposed s e a t  a r e a P  T h i s  c o n t r o l l e r  o p e r a t e s  a t  s tandby p r e s s u r e  and 
c l o s e s  o f f  a t  h i g h e r  pressure.  

0 

,The a d d i t i o n  o f  a s imi la r  c o n t r o l l e r  w a s  cons idered  f o r  t h e  r e l i e f  mode 
o p e r a t i o n ,  and would a c t u a t e  when t h e  p r e s s u r e  rose t o  t h e  h igh  set  poin t .  
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The r e l i e f  v a l v e  c o n t r o l l e r  and BOV s h a l l  be capable  of meeting t h e  r e q u i r e - .  
ments of  t h e  performance s p e c i f i c a t i o n  whi le  e p e r a t i n g  with a f l u i d  medium 
of l i q u i d  or gaseous oxygen and/or l i q u i d  and gaseous f l u o r i n e  i n  any rix- 

'A? a s  the -1 conf igu ra t ion ,  
t u r e  r a t i o .  The perfonnance s p e c i f i c a t i o n s  are e b m  in Attachment- . ' - c  

0 

The p r e s s u r e  r e l i e f  performance requirements  of t h e  wit are as follow.: 

1. Reseat p r e s s u r e .  32.1 p s i g  minima.  

2. F'ull f low p r e s s u r e ,  34.7 pmig maximum. 

3. 

4. Tank u l l a g e ,  25 f t  minimum. 

F u l l  f low r a t e ,  0.80#/sec of  helium a t  1SO.F and 34.7 psig.  

3 

The r e l i e f  va lve  c o n t r o l l e r  and BOV are r e q u i r e d  t o  o p e r a t e  when exjmsed t o  
f l u i d  tempera tures  from -300.F t o  +450.F. The r e l i e f  valve c o n t r o l l e r  must 
o p e r a t e  t h e  12 inch  BOV wi th in  t h e  above tank u l l a g e  p r e s s u r e  requirewant8.  

The a i r b o r n e  r e l i e f  func t ion  is r e q u i r e d  t o  o p e r a t e  a u t e m a t i c a l l y  u n t i l  after 
payload s t ag ing .  The p r e s s u r i z a t i o n  hel ium supply i s  j e t t i s o n e d  a t  b o o s t e r  
engine c u t o f f ,  t h e r e f o r e ,  t ank  p res su re  is t h e  on ly  p r e s s u r e  source  a v a i l a b l e  
f o r  i n f l i g h t  va lve  ac tua t ioob  

PERFORMANCE ANALYSIS 

The fo l lowing  performance c a l c u l a t i o n 8  are based on t h e  BOV dimensions shown 
i n  F igure  I. 

0 
Flow Capaci ty  

The BOV bel lows e f f e c t i v e  a r e a s ,  volume and o p e r a t i n g  c h a r a c t e r i s t i c .  are2 

AE, exposed area = fl 65.752 - 12.25g I 77 d 
4 

A,, i n t e r n a l  a r e a  e 17 k5.7S2 - 11.7521 = 86.5 XI? 
4 

- 

Spr ing  r a t e  of  bel lows assy,= 140 #/IN. 

I n i t i a l  Pre load  I 300# 

Valve Capaci ty  = 15 # / S X  O2 d 12.0 PSIG - 290.F 

Valve Trave l  = .60 IN. WAX. 

2 
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Flow Capacity (cont ‘d) 

The r equ i r ed  flow a r e a  of t h e  valve is based on a flow c a p a c i t y  10% g r e a t e r  
than t h e  r equ i r ed  helium flow r a t e  of .80#/SlX ( i n l e t  gas p r e s s u r e  a t  34.7 
p s i g  and 150OF). 
flow ia: 

Based on t h e  o r i f i c e  .flow equa t ion ,  t h e  r equ i r ed  va lve  
‘ 4 4  

+ - A -  E. p1 - ‘- 

Area P 

Where W I .88#/SEc - Flow Rate e P .02W#/FT3 - Deneity 8 49.4 PSIA @ 150.P 

Pl = 34.7 PSIG = 49.4 PSIA - I n l e t  Preegura 

Pc = .486XP1 - Critical Pressur8 

K r =  

g t 32.2 FT/SEC2 - Accelera t ion  of Gravity 

t .5 (ASSUMED) - Combined Flow Coeffirient cD 

c = 1.058 - Flow Cor rec t i en  for Super Critical Flow 

For Helium 

= .486 (49.44) P 24.0 PSIA pe 

pl. c - P = 49.4 0 24.0 280.4 PSIA 
- 

T 25.4 *i44 m- I 

64.4 E IN2 
SEX 

.0290 # e 
k T  

I 
.88 ZEX Area P 

1.058 x 0 5  X 00290 
Fr 

2 2 Area = .0201 FT x 144 I N 2  P 2.90 IN 

h (va lve  s t r o k e )  P 2.90 = .076b I# 2 

4 
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Flow Capaci tp  (cenf 'd)  

The s t r o k e  r e q u i r e d  f o r  t h e  BOV when o p e r a t i n g  a8 a 34*7 PSIG B e l i e f  Valve 
is only a p o r t i o n  o f  t h e  t o t a l  a v a i l a b l e  s t roke .  Flow area @ max, lift = 
nDh I 7112.25(.6) = 23.1 IN% 
Therefore ,  on ly  2.9 

Rel ie f  valve mode r e q u i r e d  f low area I 2.9 IN2. 
12.5$ of  v a l v e  flow a r e a  o r  r t r o k e  i r  requi red ,  

23.1 

BOV Bellows O p e r a t i m  Prereurer , 

The p r e s s u r e  r e q u i r e d  i n  t h e  BOV &llowr S e c t i o n  8 c r a c k i n g  p r e r r u r e  of 
33.5 PSIG i r :  

i 

i 

i r 
1 

j 

i 
1 
I 
I 

I I 

Where PB = F e r c r  due t o  bellow8 p r e l o a d  

P I Force due to .be l . lo r8  i n t e r n a l  
'B preamre 

I Force due t o  p r c e r u r c  e x e r t e d  
"T en expored meat area 

300 + Fp = 33.6 (77) 
B 

F I 2580 - 300 = 2280% 
pB 

Bellowe p r e r s u r e  = - *'B I 228w I 26.4 PSIG 
86.5 INa *1 

The p r e s s u r e  r e q u i r e d  i n  t h e  BOV Bellows Sec t ion  0 f u l l  f low p r e r r u r e  of 
34.7 PSIG wi th  bellows compressed .0755 incher  im: 

pB + IB = *% 

FB = 300# + 00755 (140 # / IN)  = 310.6# 

I 34.7 (77) - 310.6 I 2360 
FpB 

Bellow8 Prcaaure I 2360 I 27.3 PSIG - 
8605 

The above 27.3 PSIG preesure  i n  based on uniform l i n e a r  flow area i n c r e a r r  
w i t h  i n c r e a s i n g  bel lows s e c t i o n  s t r o k e .  

5 
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Oxidizer  Tank P r e s s u r e  Rise Bate  

The o x i d i z e r  ttlnk u l l a g e  p r e s r u r e  rime r a t e  due t o  a . f a i l e d  open r e g u l a t o r  
p r i o r  t o  engine  s t a r t  i r :  e 

Tank u l l a g e  I 25 Pf 3 

Tank l i q u i d  c a p a c i t y  .I 2500 Ft 3 PLOX 

PV I = -  BT 
0 - 0  

V ' Y P  

0 P,V 
I 

0 

Where: P I Prees  r i s e  r a t e ,  PSI/SEC. 

W = Flow ra t e ,  .7S#/SEC. 

V 

P, m I n i t i a l  p r e r r ,  44.7 YSU. 

V, I I n i t i a l  volume, 25 (1728) 19 

- 
I Velume change per PSI, 267 IN3/PSI. 

To = I n i t i a l  temp, 610% 

B = Gas c o n s t a n t ,  4630 IN-#/#/OB 
'1 

C 
K = R a t i o  a p e c i f i c  h e a t ~ ~ 1 . 6 6 -  P 

cv 

I V o l u m e  change r a t e ,  I N  3 /See. 
e 

V 



Oxidizer  Tank Pressure  Rise Bate (Cent'd) 

I I  L - 
x .75 SEC 1.66 (4630 OR) 610eB P =  

25(1728) IN3 

I 81.5 [I - .a81  

0 

P 44.2 PSI/SEC - p r e s s u r e  r i r t  rat. 

The p r e s s u r e  rise r a t e  w i l l  be l e e r  i f  t h e  o x i d i z e r  tank  r e g u l a t o r  f a i l 8  after 
engine  s t a r t  o r  it t h e  p r e s s u r e  r i e c  r a t e  is due t o  FLOX Boll-off f r e a  Aerodynamic 
hea t ing .  

Opera t ing  Reeponse of t h e  BOV Bcll.ewa S e c t i o n  

The r e l a t i v e l y  l a r g e  (527 IN ) volume of t h e  GD/C BOY Eellorm i e c t i e n  prevent. 
t h e  v a l v e  from responding immediately t o  e i g s a l e  from t h e  c e n t r e 1  element. The 
t o t a l  response time of t h e  main BOV bellows s e t t i o n  and c e n t r o l l e r  is l i m i t e d  
by t h e  response t ime of main BOV bellows s e c t i o n .  
i t y  o f  t h e  BOV i e c t i o n  is l i m i t e d  by t h e  n a t u r a l  f requency of t h e  b c l l o r r  s e c t i o n .  

3 

The maximum r a ~ p e n s c  eapabi l -  

The n a t u r a l  frequency, determined from t h e  fol lowing cquatien ir: 

Where: W = n a t u r a l  frequency, RAD/SEC n 
o p r e s s u r e  i n  bellows s e c t i o n  41.1, P S U  

a r e a  of bellow8 s e c t i o n  s c a t ,  88.5 I N L  
n 

p. 

A 

k = r a t i o  u p e c i f i c  h e a t s ,  1.66 
3 = volume of bel lows s e c t i o n ,  527 IN 

vO 

i+ P[ = ma88 o f  bellows s e c t i o n ,  

K 1. = bellows spring r a t e ,  140#/IN 

7 
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Operating Response of the BOV Bellows Sqctio; (Coat'd) 

2 #L *  IN^ x 1.66 386 IN/SEC + 140 IS I: 386 X N / S E C ~  2 -  & 
I 2 x 41.1 IN x (80.5)  'n 

m 74,800i' + S400 

80,200 

= 283 W / S E C  n 1 

a o O O 3 5 3  SEC 1 
- 7  n 

The above value is the maximum response capability e t  t h e  BOV bellows section 
with no damping. The response time of the damped centro'l syetem is approx- 
imately 34 of the maximum, therefore, 

* 23 CPS fnD 

The . O W  SEC time constant expreeses the time required for the bellows section 
to be a t  63% of its full stroke w i t h  an infinite step input. Dead time ir not 
included in this time constant. I f  tank presourc ir at 31.0 PSIG and the 
airborne regulator fails open, the time elapsed from 33.0 PSIG to 34.7 PSIG 
i8 - 

107 -. . - _  .0385 8%C 
3407-33.0 PSI = A P  Max t a  

E; 4402 PSI/SEC 44.2 

This response time requirement ie impractical f o r  this type o f  a pneumatic 
control oysten. 

Response time3may be reduced if tank ovcrpreeaurieation is allowed. 
pressure o f  the tank is approximately 43.0 PSIG when loaded with propellants 
prior t o  engine start. If  the tank pressure 1 6  allewed to approach %hi8 Pax. 
burst pressure, the muximum time allowable fer BOY reaponas i r :  

Burrt 

= .226 SEC t P - 7 2  A P  43.0-33.0) PSI 
P 44.2 PSI/SEC 
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Opesating Response of t he  BOV Bellows Sec t ion  (Cont'd) 

The c o n t r o l l e r  must be a b l e  t o  respond t o  t h e  prerssure r i se ,  and vent  bellsws 
s e c t i o n  w i t h i n  .226 SZC. 
t ime of approximately .lo SIX, t h e  BOV bel lows s e c t i o n  p r e s s u r e  must be vented  
from 53.0 t o  26.4 PSIG in -2260.1 = -126 SEC. 

Assuming a dead t i m e  and a c o n t r o l l e r  responom 0 
The p r e s s u r e  decay of t h e  BOV bellows s e c t i o n  w i l l  be r a p i d  wi th  the emall 
volume and r e l a t i v e l y  l a r g e  flow area .  Therefere ,  the  a d i a b a t i c  ven t ing  
p r o c e s s  was s e l e c t e d  f o r  computation purposes.  
t h e  bel lows s e c t i o n  w i l l  con ta in  va r ious  mix tu res  of GN 2' 02, Be and Fzo 

The fo l lowing  computations are based on d a t a  from Ref. 3 f o r  a d i a b a t i c  venting 
of a c o n s t a n t  volume i n t o  an i n f i n i t e  r e s e r v o i r .  

Ni t rogen gas  w a s  assumed s i n c e  

= 

= 

I f i n a l  bellows pressure = 41.1 PSIA 

downstream p r e s s u r e  t 19.7 PSIA (assumed 5 PSI back p r e s s u r e )  

i n i t i a l  bel lows p r e s s  = 47.7 PSXA 
_ _  

p2 

pi 

pf 

both  va lues  are i n  t h e  i n a c c u r a t e  
p o r t i o n  of t h e  curve i n  Figure 3 

'2 = 19.7 = .48 Reference 3. - - 
. 4101 

T h e r e f o r e  - 
k- 1 

P 7.0[  .48 ] = 6.3 
k- 1 

P 7.0[  .48 ] = 6.3 

e =  P . 126 = 0 9 0  
6.30 - 6.1s 

9 
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Operat ing Response of t h e  BOV Bdlows  S e e t i o n  (Canted) 

i 

Where: C1 = c e n r t a n t  I .E23 1s f o r  nitroger 

cP 0 d i r c h a r g e  c o e f f i c i e n t  0 .5 (arrared) 

Ar I t h r e a t  area) IN2 

i - r r t i o  s p e c i f i c  h e 8 t r  I 1.4 

Ti = i n i t i a l  temp, 160°B (oraumed) 

V = volume of bollowr,  627 Ibis 
J 

t = t ime I .126 recondr 

0 

527 I .231 IN' 't 22'80 

Therefore ,  a .545"vent p o r t  i s  r e q u i r e d  t o  v e n t  t h e  BOV bel low r e c t i o n  from 
47.7 PSIA (33.0 PSIG) t o  41.1 PSIA (26.4 PSIG) i n  .126 recondr. 

A *54S'diameter poppet,  a c t u a t e d  wi th  tank p r e s s u r e ,  would r e q u i r e  a r e l a t i v e l y  
l a r g e  pneumatic a c t u a t o r  due t o  t h e  high s e a t i n g  f o r c e s  i n h e r e n t  w i t h  metal t o  
metal s e a t  conf igura t ions .  It  would be extremely d i f f i c u l t  t o  design a c o n t r o l  
v a l v e  of t h i s  magnitude t o  meet t h e  r e q u i r e d  response t ime, without  u s i n g  a 
s e p a r a t e  e x t e r n a l  high p r e s s u r e  source  and/or e l e c t r i c a l  ac tua t ion .  

A s e r i e s  of blowdown t e a t s  conducted dur ing  t h e  i n i t i a l  BOV development (GD/C 
Repor t  #27B22-1 Ref. 4 )  were made from 27.0 PSIG tank  prcseures  with r a r i o u r  
u l l a g e  volumes. The bellows motion t r a c e s ,  dur ing  t h e  r e l i e f  mede, show8 t h a t  one 
ride of t h e  bellows s e c t i o n  i s  f o r c e d  wide open immediately upon u n r e a t i n g  and 
o s c i l l a t e s  while  p i v o t i n g  on t he  oppoei te  a ide.  
i n c r e a s e s  t h e  e f f e c t i v e  opening a r e a ,  f o r c i n g  t h e  valve t o  t h e  f u l l  open p o s i t i o n .  
This i n e t a b i l i t p  i s  expected s i n c e  t h e  bellows s e c t i o n  ir n o t  guided a x i a l l y  and 

T h i r  s e c t i o n  of t h e  b e l l o r r  0 

10 



Operating Response of the BOV Bellows Section (Cont'd) 

depends upon a uniform spring rate about the circumference of the bellorr 
section for uniform axial movement. This condition would also occur with 
the present BOV design during the proposed 33 PSIG vent mode. a 
When the BOV section ir in the unscable condition, with the seal cocked full 
open on one side and pivoting on the opposite side, the time required to rent 
the 25 ft3 ullage from 33.5 PSIG to 32.1 PSIG i a  as fe~lorr: 

Flow area I % x x seal diameter x stroke I H rx 12.25 x . . 6  = 11.6 IN 4 

Following computations are based on data from Ref. 4 for adiabatic renting 
of he1 iar: 

P2 .I downstream pressure I 14.7 PSIA 

pi 
Pf I final tank pressure = 32.1 PSIG = 46.8 P S U  

= initial tank preroure = 33.5 PSIG = 48.2 PSIA 

I a308 14.7 
48.2 I- 

- p2 
pi 

- p2 
I 0303 14.7 

I -  46.0 

both values are in the inaccurate portion 
of the curve shown in Fig. 6. (Ref. ,4). 

Therefore, 

4 

11 
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Operating Response of the BOV Bellews Section (Cent'd) 

fet helium SEC %here: C1 = -21 

cD I .5 (dr8ured) 

11 IN2 *T 

& 

IN'# - 4630 F 
k - 1.66 

I 150.P n 610.B Ti 
V I 25 PT3 I 25(1728) IN3 

c =  25(1728) 
,21 - 5  11 4630 1.66 [.306]'199 

The tank preseure will decrease from 33.5 to 32.1 PSIG if one.ride of the 
BCV seal is cocked open .60 IN for .0025 seconds. Since the valve i8 at thio 
poaition for only about half this time for a given valve cycle, the above 
tank pressure decrease will take place in approximately .005 8econdr. Tho 
design of a controller, with a separate external preeeure supply and/or 
electrical solenoid aetuation to obtain this reaction time, would incur 
added cost and weight penalittea. 

Allowing the oxidizer tank t o  drop below 32.1 PSIS i n t o  t h e  f l i g h t  presearo 
regulator band causes system instability between the regulator and relief 
valve. An extensive BOV redesign, in conjunction with above controller 
deeign, would be mandatory to eliminate the cockin8 before the valve could 
be used a8 an airborne relief valve. 

12 
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The o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  w a s  t o  compare v a r i o u s  p r e s s u r e  relief 
concepts  w i t h  emphasis t o  be p laced  on t h e  most promising devices .  The 
fo l lowing  three des ign  c o n f i g u r a t i o n s  were s e l e c t e d  a s  t h e  d e v i c e s  t h a t  
would most s a t i s f a c t o r i l y  meet t he  FLOX t ank  p r e s s u r e  r e l i e f  requirement., 

A. Rel i e f  Valve Inco rpora t ing  an a l l  Metal Lapped S p h e r i c a l  Seat. 

B. Rel i e f  Valve Inco rpora t ing  an a l l  Metal Optical Flat Scat. 

C, Rel i e f  Valve I n c o r p o r a t i n g  a Rupture D i s c  Assembly. 

CONCLUSIONS 8 

1. The lapped s p h e r i c a l  s e a t  ha6 t h e  d i sadvan tages  o f  r e l a t i v e l y  large 
s ize ,  h igh  unit weight ,  and slow response.  The o n l y  p o s s i b l e  
advantage would be t h e  a b i l i t y  t o  hand lap t h e  mating seat  surface. 
i n  t h e  i n s t a l l e d  c o n d i t i o n ,  thereby ,  minimizing leakage,  

2. The o p t i c a l  f l a t  seat r e l i e f  va lve  h a s  t h e  advantage6 o f  l o r  u n i t  
weight ,  f a s t  response  and low seat leakage.  However, t h e  precis ion 
mating s u r f a c e s  which must be n a i n t a i n e d  f o r  low leakage  are s u b j e c t  
t o  a number o f  v a r i a b l e s  which may change the  shape  or cond i t ion  of 
t h e  s e a t i n g  surfaces. 

3. The r u p t u r e  d i s c - r e l i e f  va lve  assembly h a s  t h e  advantage8 of 
0 

r e l a t i v e l y  small s i z e ,  low u n i t  w e i g h t ,  extremely fas t - rekponso ,  
z e r o  l eakage ,  and low t o l e r a n c e  and r e l a t i v e l y  s imple  design. A 
p o s s i b l e  d isadvantage  would be h igh  leakage  i f  a r u p t u r e  eccu r red  
a f t e r  l i f t - o f f .  T h i s  would be due t o  t h e  h i g h  leakage  charac te -  
r i s t i c s  of t h e  backup r e l i e f  va lve  deaign. 

PRESSU2IZATION SYSTEM ANALYSIS 

A n  a n a l y s i s  t o  de te rmine  what a f f e c t  t h e  t h r e e  proposed r e l i e f  va lve  configu-  
r a t i o n s  w i l l  have on v a r i o u s  c o n d i t i o n s  r equ i r i i i g  FILE tezk venting ra. 
based on t h e  fo l lowing  assumptions: 

1. Only s i n g l e  f a i l u r e s  s h a l l  be considered.  

2. Tank p r e s s u r e  is monitored con t inua l ly .  

3. Any pneumatic emergency a b o r t s  countdown. 

4. The a i r b o r n e  r e g u l a t o r  and r e l i e f  va lve  w i l l  n o t  have a 
common sense  l i n e .  

5.  FLOX b o i l o f f  is n o t  a s i g n i f i c a n t  performance d e t r i m e n t  
a f t e r  vapor p r e s s u r e  r eaches  r e l i e f  v a l v e  c rack ing  preosure.  

6. Minimum b u r s t  p r e s s u r e  of the  FLOX t ank  is a t  38.7 p s i g  u l l a g o  
p r e s s u r e  . 

The p r e s s u r i z a t i o n  system f a i l u r e s  cons ide red ,  and t h e i r  r e s u l t i n g  e f f e c t 8  - 
are  shown on F i g u r e s - I 1  and 111. 

1 3  
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PRESSURIZATION SYSTEM ANALYSIS 

SYSTEM CONDITIONS F I G  I1 SYSTEM RESULTS 
ZONE PNEUMATIC ACTUATOR RUPTURE D I S C - R E E I E Z  

RELIEF VALVE VALVE ASSY 

0 

F a i l e d  c losed  b o i l  A No e f f e c t  th rough No e f f e c t  through count-  
o f f  va lve  countdown, a b o r t  down, a b o r t  and d u a l  

p r o p e l l a n t  l oad ing  (DPL,) and d u a l  p r o p e l l a n t  
loading  (DPL) 

\ 

PCU ins t rument  a i r  A No e f f e c t  through No e f f e c t  through count- 

p r o p e l l a n t  l oad ing  (DPL) 
countdown, a b o r t  down, a b o r t  and  d u a l  
and dua l  p r o p e l l a n t  
loading  (DPL) 

F a i l e d  open A/B C & D  Rel i e f  va lve  w i l l  Rupture d i s c  w i l l  rupture 
Be gulat o r  vent  i n t e r m i t t e n t l y ,  - backup va lve  w i l l  v e n t  

i f  engines  are 
running, and w i l l  r e g u l a t o r  f low rate. 
vent  cont inuous ly ,  
i f  p r i o r  t o  engino 
start. 

cont inuous ly  a t  t h e  

Ox id ize r  vapor D Rel ie f  va lve  w i l l  Rupture d i s c  w i l l  r u p t u r e  
pressure ris ing vent i n t e r m i t t e n t l y  - backup va lve  w i l l  ven t  
t o  re l ie f  p r e s s u r e  t o  main ta in  opera-  con t inuous ly  a t  Go)( 

0 
t i n g  t ank  p r e s s u r e  v a p o r i z a t i o n  rate. 

. ~ ~~~~~~~ 

A/B r e g u l a t o r  D Rel i e f  va lve  w i l l  No a f f e k t  - r u p t u r e  d i s c  
r e g u l a t i n g  3-4 p s i  vent  i n t e r m i t t e n t l y  w i l l  n o t  r u p t u r e  
too high  t o  main ta in  opera-  

t i n g  tank p r e s s u r e  

FIGURE I11 
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PERFORkf .4 ,h; C E R Ti; U I R D1 EI1’TS 

The r e l i e f  va lve  des ign  m u s t  be capable  o f  meeting t h e  requirement6 of t h e  
-3 conf igu ra t ion  shown i n  FLOX-Atlas Airborne Ox id ize r  Tank R e l i e f  Valve 
Performance S p e c i f i c a t i o n  (Attachment ‘ A ’ ) .  The b a s i c  requirement. are: . 

1. Reseat p r e s s u r e  - 32.1 p s i g  minimum. 

2 .  h 1 1  flow p r e s s u r e  - 34.7 psig maximum. 

3. F u l l  f low rate - .80#/SX of helium a t  150.F 0 34.7 peig.  

- 
A .  RZLIEF VALVE INCORPORATING AN ALL MF,TAL LAPPED SPHERICAL SEAT - 

A p i l o t  o p e r a t i n g  v a l v e  w a s  s e l e c t e d  because of t h e  h i g h  seating forcoo 
r equ i r ed  f o r  minimum leakage  with a metal t o  metal s p h e r i c a l  seat 
conf igu ra t ion .  The proposed valve c o n f i g u r a t i o n  i s  shown i n  F i g u m  IV. 

DESCRIPTION OF OPEXATXON 

The p i l o t  va lve  c o n s i s t s  o f  a p r e s s u r e  s e n s i n g  be l lows  connected to 
t h e  e h a f t  of a 3 a a y  va lve .  When t h e  t a n k  pressure is b e l o w  the 
r e l i e f  v a l v e  c rack ing  p r e s s u r e ,  t h e  p i l o t  v a l v e  v e n t  p o r t  is closed 
and t h e  supply p o r t  is open t o  t ank  p res su re .  The r e l i e f  v a l v e  r a i n  
bel lows s e c t i o n  is p r e s s u r i z e d  by t h e  t ank  p r e s s u r e  t h r u  t h e  open 
supply p o r t .  The t a n k  p r e s s u r e  w i t h i n  t h e  main bel lows act8 acrwa 
t h e  d i f f e r e n t i a l  seat area t o  hold t h e  va lve  closed.  A 6  t h e  tank 
p r e s s u r e  i n c r e a s e s ,  t h e  p i l o t  valve bel lows s e c t i o n  is compressed, 
caus ing  t h e  v a l v e  s h a f t  t o  open t h e  v e n t  p o r t  whi le  s imul t aneous ly  
c l o s i n g  t h e  supply port .  The main r e l i e f  va lve  be l lows  s e c t i o n  i a  
t h u s  i601ated  from tank p r e s s u r e  and vented t o  atmosphere. The tank 
p r e s s u r e  can t h e n  compress t h e  evacuated  main r e l i e f  va lve  be l lows  
a n d  l i f t  t h e  s e a l i n g  r i n g  from t h e  seat. The r e l i e f  v a l v e  w i l l  v en t  
t h e  t a n k  p r e s s u r e  u n t i l  the p i l o t  v a l v e  p r e s s u r e  sens ing  be l lows  can 
expand S u f f i c i e n t l y ,  under  t h e  d e c r e a s i n g  t a n k  p r e s s u r e ,  t o  r e t u r n  
t h e  3-way s h a f t  t o  t h e  c l o s e d  p o s i t i o n .  

The p i l o t  va lve  employs two s p h e r i c a l  metal poppets  -- a supp ly  
poppet  and a vent  poppet.  The minimum leakage  requirement  appliea 
o n l y  t o  t h e  vent  poppet  s i n c e  i t  is ilormal1y close:! t e  maintain t ank  
p r e s s u r e  on t h e  main v a l v e  bellows. The supply poppet  is normally 
open and is c l o s e d  o n l y  d u r i n g  t h e  r e l i e f  modeo Since t h e  main 
be l lows  is vented t o  atmosphere du r ing  t h e  r e l i e f  mode, supp ly  poppet  
l eakage  is n o t  c r i t i c a l  except  f o r  t h e  e f f e c t  on valve  response.  

The p r e s s u r i z e d  be l lows  a c t u a t i o n  concept  was s e l e c t e d  t o  o b t a i n  t h e  
minimum s e a t  u n i t  l oad ing  r e q u i r e d  f o r  minimum.leakage a t  10 psig 
( s tandby)  tank p res su re .  

16 
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A. RELIEF VALVE INCORPORATING AN ALL NETAL LAPPED SPHERICAL SEAT 
(continued) 

- 
DESIGN ANllLYSIS 

Pogpe t Design 

The valve design calculat ions are based on a f l o w  capacity 10% 
greater than t h e  required h e l i u m  flow rate o f  .8O #/sec ( i n l e t  
gas pressure at  34.7 p s i g  and 150'F). The required minimum flow 
area based on the o r i f i c e  equation 

w = 1.10 x .%O t .%0 #/set -- 

ia: 

flow rate 

s 0029 #/ft3 - density @ 49.4 PSIA @ 150.P 

= .50 (ASSUMED) - combined flow c o e f f i c i e n t  cD 
2 g .L 32.2 f t / sec  -- acceleration of gravity 

PI = 4904 PSIA - i n l e t  pressure 

Pc x .486xP1 - cr i t i ca l  pressure 

P 1.05% - flow correction f o r  super crit ical  flow c' 

Area = 88 
~- 

1,058 x 0.50 x 0.029 x 2 x 32.2 (49.4 - 24.0) x 144 
0029 

2 
% 00201 it2 = 2.90 in 

The minimum flow area diameter w i l l  be: D I A  = 4 . 0  x 2.90 I 1.93" y,.,, 

18 
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A. RELIEF ViLVE INCORPORATING AN ALL METAL LAPPED SPHERICAL SEAT 
(cont inued)  

- 
Poppet Dosign (cont  'd) 

Due t o  t h e  h igh  bel lows s p r i n g  r a t e  i n  the s p h e r i c a l  seat valvo 
c o n f i g u r a t i o n ,  i t  w a s  necessary  t o  i n c r e a s e  t h e  poppet d iameter  

' t o  2.50 inches.  The diameter  of  t h e  s e a t  c a n t a c t  area i a  t h e  
same as t h e  i n l e t  chamber. 

t 

Severa l  u n d e s i r a b l e  a i r b o r n e  r e l i e f  va lve  des ign  requirement. 
are i n h e r e n t  w i th  l a r g e  d iameter  metal  t o  metal  s e a t  conf igura-  
t i o n s .  To provide  a metal  t o  meta l  s e a l  wi th  minimum leakago 
r e q u i r e s  t h a t  t h e  mating s u r f a c e s  fit p e r f e c t l y ,  o r  a f o r c e  
must be a p p l i e d  t o  y i e l d  one o f  t he  mating su r faces .  It  i 8  
extremely d i f f i c u l t  t o  machine and main ta in  p e r f e c t l y  mating 
p a r t s ,  and it is undes i r ab le  t o  y i e l d  the  seat m a t e r i a l ,  
t h e r e f o r e ,  a compromise dec i s ion  w a s  made i n  o r d e r  t o  de te rmine  
t h e  b a s i s  f o r  t h e  va lve  deeign. 

The d e c i s i o n  w a s  made t o  design t h e  va lve  f o r  a 304 s t a i n l e a 8  
s t e e l  s e a t  w i th  a minimum s e a t  uni t  l oad  equal  t o  10% of t h e  
s e a t  m a t e r i a l  y i e l d  s t r e n g t h  based on a .020 wide c o n t a c t  area. 
The valve  w a s  s i z e d  t o  meet t h e  above c o n d i t i o n s  wi th  10 paig 
( s tandby)  tanis pressure .  

Based on t h e  above requirement., t h e  minimum u n i t  force (S 1 
on t h e  s e a t  c o n t a c t  a r e a  is: c 

= -10 x 30,000 psi (304 y i e l d  s t r e n g t h )  = 3000 p 8 i  
sC 

"he seat area (A  f o r  a .020 inch  wide l i n e  c o n t a c t  i 8 t  

Ac = (3.14)(2.5)(.02) I .156 in 

Therefore ,  t h e  n e t  f o r c e  (F r equ i r ed  t o  hold  t h e  poppet 
c l o s e d  $6: 

C 
2 

N 

19 
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- A. RSCILF VALVE I"ORFORATI!X AN ALL METAL LAPPED SPHERICAL SEAT 

(cont inued)  

Bellows Qes ign  ( c o n t  'd) 

A t  10 p i g  t a n k  p r e s s u r e  t h e  opening f o r c e  OP t h e  poppet ia: 

It is d e s i r a b l e  t o  keep t h e  be l lows  d iameter  as s m a l l  as possible, 
t h e r e f o r e ,  numerous t r i a l  c a l c u l a t i o n s  were made t o  determ5ne 
t h e  optimum bel lows  p re load  t o  be u t i l i z e d  aa  part o f  t h e  seating 
fo rce .  A p re load  of 50# w a s  s e l e c t e d .  The f o r c e  that rust be 
a p p l i e d  by bel lows p r e s s u r e  io: 

F(Bellow8 P r e s s u r e )  = 468 + 49 - 50 P 467# 

The e f f e c t i v e  area and diameter  of t h e  bel lows am: 
2 A(Bellor8)  t 467# I 46.7 In 

iimiii 

4 x 46.7 P 7.7" JT DIA(Bel1ons)' P 

The optimum des ign  f o r  a 321 s t a i n l e s s  s teel  bel low8 w i t h  a 180,OQO 
c y c l e  l i f e  r e q u i r e s  t h a t  the  d e f l e c t i o n  r a t i o  A/Am P 0.38 and 
t h e  p r e s s u r e  r a t i o  P/Pm = 0.24 whero: 

A =  d e f l e c t i o n  p e r  convolu t ion  per c y c l e  

3 A m =  maximum a l lowab le  d e f l e c t i o n  = .0111 a 

P 

Pm = maximum a l lowab le  pressure = 3.7 x 10 t 

t o p e r a t i n g  p r e s s u r e  t 31.0 p8ig 

b 3  

a (1.5 x a + t) 

a = convolut ion.  depth  

t = t h i c k n e s s  of bel low8 material 

Because of t h e  l a r g e  b e l l o w s  d i ame te r ,  t h e s e  above optimum va lue8  
r e s u l t e d  i n  a s p r i n g  r a t e  t oo  h igh  for t h i s  va lve  design.  Iacreaeing 
t h e  p r e s s u r e  ratio(P/P,) to  .32 and dec reas ing  t h e  d e f l e c t i o n  ratio 
( A / Am) t o  -26 r e s u l t e d  i n  t h e  r equ i r ed  s p r i n g  ra te  and 180,000 
c y c l e  l i f e o  

20 



A. RELIEF VALVE 1NCOWO;ZATING AN A U  METAL LA?PED SPHERICAL SFAT 
(cont inued)  

- 

Bellows Design (cont 'd )  

To determine t h e  above va lues ,  t h e  equat ions  were s o l v e d  by trail 
and e r r o r .  The f i n a l  r e s u l t s  were: 

Bellows th i ckness  ( t )  P .012* 

Convolution depth (a) I -60 n 

Am I .0111 (.6Ol3 = a l l "  

(.012)* E" x .60 + ;J 
0012 

L Am x ,260 1: .I1 x .26O P .0286w A 

m = 307 x lo5 (.012)' = 98 p8ic 

.6 (1.5 x .60 + .Of21 

For an e f f e c t i v e  flow area of 2.90 i n  2 a c r o s s  t h e  v a l v e  seat ,  the 
poppet must open: 

h (Poppet S t roke )  P 2.90 P e370" 
(3.14 ( 2 . 5 0 )  

The number of convolu t ions  (N) r e q u i r e d  As: 

N = .370 P 12.9 or 13 - 
0286 

The approximate f r e e  length  ( L )  i6: 

The s p r i n g  r a t e  ( S . R . )  io: 

S.R. = (1.2) ( 3  x 10') ( 7 . 7 )  ' = 170 #/in 
13 

The bel lows dimensions are: 

21 
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A. RELIEF VALVE IKCORPORATIKG AN ALL METAL LAPPED SPHERICAL SEAT 
(cont inued)  

- 
Bellow8 Design (oont 'd)  

For a 503 pre load ,  t h e  bellows rill be compressed (50/1?0) 
00294". 
p o s i t i o n  is (0294 + .370) II .664", 

The f o r c e  r equ i r ed  t o  compress t h e  bel lows t o  f u l l  open position 
is (,664 x 170)  t 113#. 

The t o t a l  d e f l e c t i o n  of t h e  bel lows i n  t h e  full open 

The f o r c e  a v a i l a b l e  t o  compress t h e  be l lows  t o  t h e  f u l l  open 
p o s i t i o n  .at 34.7 pefg  t ank  p r e s s u r e  ia: 
F(Tank P r e s s u r e )  i: (3.14) (2.5) 2 t 

(34.7) 1 17w 
4 

With tank  p r e s s u r e  a t  33.5 ps ig ,  t h e  poppet w i l l  crack/reseat 
when t h e  bel lows chamber p r e s s u r e  (P ) reachear  B 
i (4.9) (33.5) - 30 f 2-44 p s i s  

46.7 pB 

A t  o p e r a t i n g  tank  p r e s s u r e  of 31.0 p s i g  t h e  u n i t  stresa (S 
t h e  e e a t  a r e a  ia: 

6. 
C 

2 = 146.7 - 4.9) i n  x 31.0 psi P 8,620 pai 
2 sc 

8156 i a  

Therefore ,  t h e  u n i t  stress P 8,620 = 28.8% of t h e  seat material 
30,000 

y i e l d  s t r e n g t h .  To minimize l eakage ,  t he  des ign  require .  a.pre- 
c i s i o n  lapped f i t  and B c l o s e  t o l e r a n c e  alignment between t h e  eeat 
and poppet. 
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- 3. RELIEF V-ALVE INCORPORATING AN ALL MXAL OPTICAL FLAT SEAT 

A p i l o t  ope ra t ed  v a l v e  was s e l e c t e d  becauee o f  t h e  h igh  f low capac i ty -  
to-weight r a t i o  coupled w i t h  a f a s t  response.  The proposed va lve  
c o n f i g u r a t i o n  is shown i n  Figure V. 

Experimental  t es t s  conducted by Rocketdyne (References 1 and 2) indi- 
cate t h a t  o p t i c a l  f l a t  s e a t  leakage is p r i m a r i l y  a f u n c t i s a  o f  t h u  
mating s u r f a c e  cond i t ions .  
conducted on t h r e e  .490 inch  o p t i c a l  f l a t  seat va lve  models made f r o m  
t h r e e  d i f f e r e n t  materials -- 6061 aluminum a l l o y ,  440C s t a i n l e s s  s teel  
and tungs t en  carbide.  No a t tempt  was made t o  in t e rchange  seat materials. 
The exper imenta l  t e s t s  suppor t ing  t h e  t h e o r e t i c a l  p r e d i c t i o n s  show t h a t  
t h e  s u p e r  f i n i s h e d  o p t i c a l  f l a t  seat  l eakage  f o r  a g iven  seat strees and 
s u r f a c e  c o n d i t i o n  w a s  approximately t h e  same f o r  the t h r e e  m a t e r i a l 8  
t e s t e d .  S ince  supe r  f i n i s h  seats are  vunerable  t o  s c r a t c h e s  and 
contaminat ion ,  i t  can be concluded from t h e s e  tests t h a t  a ha rd  s u r f a c e  
s e a t  is most d e s i r a b l e .  

P e r  Reference (11, l eakage  teeto were 

. S e l e c t i o n  o f  t h e  hard  s e a t  m a t e r i a l  w a s  a compromise i n f l u e n c e d  by t h e  
o p e r a t i n g  environment and the ease o f  f a b r i c a t i o n .  The proposed valve  
i n c o r p o r a t e s  a s t e l l i t e  seat and a 440C s t a i n l e s s  s t e e l  poppet. A bead 
of  a t e l l i t e  m a t e r i a l  would be d e p o s i t e d  on t h e  va lve  body s e a t  area wi th  
a welding rod,  The s t e l l i t e  would then  be machined t o  an opt ica l  f l a t  
s e a t ,  The 440C s t a i n l e s s  s t e e l  poppet  would be machined s e p a r a t e l y  and 
then  f a s t e n e d  t o  t h e  bellows assembly w i t h  rivet.. 

The fo l lowing  i n h e r e n t  problem area8 a s s o c i a t e d  with o p t i c a l  f l a t  seat8 
r e q u i r e  f u r t h e r  i n v e s t i g a t i o n :  

1 0  

2. 

3. 

4. 

R 
" 0  

D i s t o r t i o n  of s e a t  and/or poppet  due t o  t h e m 1  
s t r e s s e s  and e x t e r n a l  force.. 

Sur face  e r r o s i o n ,  

Contamination damage t o  s u p e r f i n i s h e d  sur faces .  

Poppet t o  s e a t  p a r a l l e l i s m  d e v i a t i o n  caused b r  
misalignment,  

Quslity c g n t x 3  and msasurenent of an a c c e p t a b l e  
s u r f a c e  f i n i s h  and f l a t n e s s .  
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- B, RZLIEF VALVE IXCORPOXATING AN ALL METAL OPTICAL FLAT SEAT 
(cont inued)  c 

DESCRIPTION OF OPERATION 

The p i l o t  va lve  c o n s i s t s  o f  a p r e s s u r e  sens ing  be l lows  cannectcd t o  
a t h r e e  way valve.  The p i l o t  va lve  is similar i n  c o n f i g u r a t i o n  urd 
i d e n t i c a l  i n  ope ra t ion  t o  t h e  p i l o t  va lve  d i scussed  under  tho 
e p h e r i c a l  s t a t  con f igu ra t ion .  

DESIGN WALYSIS 

Poppet I3esim 

A 6  determined p r e v i o u s l y ,  u n d e r  t h e  s p h e r i c a l  seat  poppet design, 
t h e  minimum valve i n l e t  diameter  is 1093". It is d e e i r a b l e  t o  
keep t h e  s e a t  d iameter  a6 small as p o s s i b l e ,  t h e r e f o r e ,  a 2" 
d iameter  i n l e t  and a 2.3" diameter  s e a t  c o n t a c t  was s e l e c t e d  f o r  
t h e  o p t i c a l  .I l a t  s e a t  conf igura t ion .  

Bellows Design 

The e f f e c t i v e  area of t he  bel lows is based on t h e  assumed requ i r e -  
ment t h a t  t h e  f o r c e  necessary t o  hold t h e  poppet c l o s e d  s h a l l  bo 
a minimum of 25% g r e a t e r  than t h e  opening force .  
p r e s s u r e ,  t h e  opening f o r c e  on t h e  poppet i8: 

A t  10 p e i g  tank 

The minimum f o r c e  r equ i r ed  t o  hold  t h e  poppet c losed  rill bet  

F(Bel1ows P r e s s )  o 1.25 x 41.5 P 52.0# 

Therefore ,  t h e  e f f e c t i v e  bellows a r e a  and d iameter  i8: 

2 Area (Bellows) = 5200# I 5.2 in - 
1000 psi 



- B. RELIEF VALVE IlVCORPORATING AN ALL METAL 0PTICAL.FLAT SEAT 
(cont inued)  

Bellow6 Design (coat'd) 

The optimum design f o r  a 321 s t a i n l e s s  s t e e l  Bellows wi th  a 180,000 
c y c l e  l i f e  r e q u i r e s  t h a t  the  d e f l e c t i o n  r a t i o  A/Am P .038 aQd tho 
p r e s s u r e  r a t i o  P/Rt P 0.24 where: 

A = d e f l e c t i o n  p e r  convolut ion pe r  cycle 

Am= maximum a l lowab le  d e f l e c t i o n  P 3 .0111 a 

t2 p y a  + 11 

P I o p e r a t i n g  p r e e s u r c  31 31.0 pelg 
s 2  Pm I maximum a l lowab le  p re seu re  t 3.7 x LO t 

a ( l .bxa+t )  

a = convolut ion depth 

t x t h i c k n e s s  of bellows material 

To determine t h e  optimum values ,  t h e  above e q u a t i o n s  were eolved 
by t r a i l  and error. The f i n a l  r e s u l t s  are as  follor8: 

Bellows t h i c k n e s s  (t) = .014n 

Convolution depth (a) t ..60 

= .090N/convolution 

11 

"/convolution 

= 120 p s i s  5 
Pap P 3.7 x 10 

.6 

(.01412 

r(1.5) (.60) + . O l q  - - 
2 For an e f f e c t i v e  flow area of 2.90 i n  a c r o s s  t h e  valve seat t h e  

poppet must open : 

h (Poppet Stroke) o 2,90 in = 0.40a 
2 

(5.14) (2.30)" 

The number of convolut ione (N) r e q u i r e d  la:  

= 11.7 or 12 -_ - N I -40" 
*=on vo l u  t ion 
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B. RELIEF VALVE INCORPORATING AN ALL METAL OPTICAL FLAT SEAT 
(cont inued)  

- 
Bellows Design (cont 'd )  

The approximate f r e e  l eng th  of t h e  bellow6: 

L (Bellow6 Free  Length) = a N = ( .W) x 12 = 3.W 
2 2 

The spring r a t e  of 

S.R. (Spring Rate)  

E P Youngs mod 1 

. t he  bellow8: - 

3 x lot 
D = e f f e c t i v e  bellow8 dia 

t = Bellows t h i c k n e m  

a = convo lu t ion  depth 

N I NO. Of C O n V O l U t i O M  

S.R.= (1.2) (3 - 7  x 10 )(2.59) [q; = 100 #/in 
12 

The bellows dimension6 are: 

a I .60 

t I .014 

+-E = 2.59 --A I 
A 20# bel low6 p re load  w a s  s e l e c t e d  as a method of  i n c r e a s i n g  va lve  
s t a b i l i t y  under v i b r a t i o n ,  t h e r e f o r e ,  t h e  bel lows w i l l  be composed' 
(20#/100#/in) 0.20" i n  t h e  i n s t a l l e d  conf igu ra t ion .  An a d d i t i o n a l  
f o r c e  o f  (.4OV1 x 100#/in) 40# is r e q u i r e d  t o  overcome t h e  bel low8 
s p r i n g  rate i n  t h e  f u l l  open p o s i t i o n .  With an i n l e t  pressure of 
33,5 psig, t h e  poppet  w i l l  c r a c k / r e s e a t  when t h e  be l lows  chamber 
p r e s s u r e  r eaches  (4.15 x 33.5 - 20.0)  - 23 psig .  

5.2 I 

27  
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C. RELIEF VALVE INCORPOR4TIRG A RUPTURE DSSC ASSEMBLY 

As a r e s u l t  o f  t h e  pre l iminary  r e l i e f  va lve  des ign  review, and succeqding 
customer d i r e c t i o n  (1432-RB-458). t h e  dec ie ion  was made t o  s t u d y  a 
r u p t u r e  d i s c  assembly w i t h  a s imple s p r i n g  loaded back-up re l ief  valve. 
h i s  s tudy  w a s  based on the assumption t h a t  t h e  r u p t u r e  d i m  assembly 
would be purchased from a q u a l i f i e d  vendor,  t h e r e f o r e ,  no e f f o r t  WA8 
expended on t h e  r u p t u r e  d i sc  des ign  o t h e r  than  o b t a i n i n g  g e n e r a l  i n fo r -  
mation from r u p t u r e  d i s c  vendors and catalogue.. 

The r u p t u r e  d i s c  assembly would be i n s t a l l e d  on t h e  forward FLOX tank 
bulkhead ad jacen t  t o  t h e  backup r e l i e f  va lve  as shown in Figure  VfX. 
There would be approximately 3 f e e t  of d u c t  between t h e  r u p t u r e  disc and 
t h e  F'LOX tank re l ief  p o r t .  
endtt c o n d i t i o n  w i l l  expose t h e  r u p t u r e  d i s c  t e  a gas mixture u i t h  a more 
u n i  form tempera t u r e  . 
DESCRIPTION OF OPERATXON 

I n s t a l l i n g  t h e  r e l i e f  assembly i n  t h i s  "dead- 

The s p r i n g  loaded relief valve is designed t o  c rack/ resea t  at 32.1 
p i g  and f u l l  flow a t  34.7 p s i g .  The r u p t u r e  disc assembly would be 
designed t o  r u p t u r e  a t  approximately 36.5 + 1.5 p s i g  as compared t o  
t h e  34.7 p s i g  f u l l  flow p res su re  s t a t e d  in-the des ign  s p e c i f i c a t i o n .  

Th i s  h i g h e r  s u p t u r e / r e l i e f  p r e s s u r e  is r e q u i r e d  t o  p reven t  rupturm 
from o c c u r r i n g  due t o  normal p r e s s u r i z a t i o n  p u l s e s  i n h e r e n t  i n  t h e  
a i  rbo me pneumat i cm system b 

DESIGN ANALYSIS 

Poppot Design 

It was determined i n  t h e  s p h e r i c a l  s e a t  des ign  ca lcu la t ion .  t h a t  
the m i n i m u m  f low diameter and flow a r e a ,  f o r  t h e  r equ i r ed  .88#/3ee 
(helium 8 34.7 p s i g  and 150.F) flow rate,  are 1.93" and 2.90 in , 
r e s p e c t i v e l y ,  The optimum diameter  f o r  t h e  backup r e l i e f  valve 
poppet / sea t  c o n t a c t  a r e a  was determined t o  be 2.5" which i6 also 
t h e  d iameter  o f Z t h e  valve i n l e t .  
a r e a  of 2.90 i n  

h (poppet ~ t r c k e )  = 20~G/(5.i4) ( 2 . 3 O j  P 0.37" 

For t h e  r equ i r ed  e f f e c t i v e  f low 
t h e  poppet must open. 

Spr ing  Design 

A t  t h e  c rack/ resea t  p re s su re  of 32.1 p s i g ,  t h e  p r e s s u r e  force on 
t h e  poppet i.: 

2 F = (3.14) (2,s) (32.1) = 157.5 
4 
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C. - =LIEF VALVE INCORPORATING A IIUPTUiE DISC ASSEMBLY 
(cont inued)  

Spr ing  Design ( e e a t ' d )  

A t  t h e  f u l l  flea pregsu re  e f  34.7 p s i g  t h e  p r e s s u r e  f e r c e  on the 
poppet  im: 

0 

There fo re ,  t h e  f o r c e  a v a i l a b l e  t o  open t h e  poRpet t h e  r e q u i r e d  
i6 : 

F = (170.5 157.5) I 13# 

As a r e s u l t ,  t h e  s p r i n g  r equ i r ed  t o  ho ld  t h e  poppet  c l e s c d  must 
have a s p r i n g  ra&c (S.R.) of: '  

In t h e  i n s t a l l e d  c o n f i g u r a t i o n  t h e  s p r i n g  must prov ide  a forco 
of  157.5#, t h e r e f o r e ,  t h e  s p r i n g  w i l l  be compresaedi 

15?.5# o 4.5" 
35#lin 
A f t e r  making s e v e r a l  s p r i n g  s i z e  c a l c u l a t i o n s ,  t h e  optimum mean 
s p r i n g  d i ame te r  was s e l e c t e d  as 4.2" and Inconel  X was selected 
f o r  t h e  s p r i n g  ma te r i a l .  

Per GD/C Design Eiinual F igure  3-65, f o r  average  s p r i n g  s e r v i c e  of 
100,000 cycles, t h e  recommended maximum t o r s i o n a l  stress f o r  
Incone l  X m a t e r i a l  is 81,500 p s i .  A s  determined p r e v i o u s l y ,  t he  
f o r c e  t h a t  must be a p p l i e d  by the  s p r i n g  when t h e  poppet is f u l l  
open is 170.5#. Therefore ,  based on GD/C Design Manual F igu re  
3-15, for an a x i a l  l oad  of 170.5#, mean d iameter  of 4.2", and a 
f i b e r  stress i n  t o r s i o n  of 75,000 p s i ,  t h e  r e q u i r e d  wire d i ame te r  
is 0.283". 
c o n d i t i o n s ,  the f i b e r  stress c u r r e ~ t i o i i  for  euioStiii+ is 1.283. 
This  r e s u l t s  i n  a c o r r e c t e d  f i b e r  s t r e s s  i n  t o r s i o n  o f  81,500 psi 
which is equa l  t o  t h e  recommended maximum v a l u e  f o r  Incone l  X. 

Per  GD/C Design Manual F igu re  3-17, for t h e  abov8 

V i t h  t h e  poppet  f u l l  open, s p r i n g  compressed t o  f i n a l  l e n g t h  of 
2 . 0 " ,  and a c l e a r a n c e  between each c o i l  equa l  t o  10% of t h e  wire 
d iame te r  t h e  t o t a l  number o f  c o i l s  (TC) ia: 

T c = L  :: 2.0  = 6.43, USE 6 
l o l d  1.1 x .2a3 

The number o f  a c t i v e  c o i l s  (h') for a c losed  and ground end s p r i n g  
i6 2 



The c u r v a t u r e  s t r e s s  - c o r r e c t i o n  f a c t o r  (K) as determined 
from equat ion2 

K t 4 C -  1 0.615 + -  Wh-8 4c - 4 C 

C = s p r i n g  index  = D/b x 4.2/.283 I 14,8 

K E 4 x 14.8 - 1 e615 = 1.086 + -  
4 x 14.8 - 4 14.8 

C. RELIEF VALVE INCOWORATIIVG A RUPTURE DISC ASSEMBLY 
(cont inued)  

Spring Deeign (cont  'd) 

Based on t h e  above va lues ,  t h e  maximum etress ( S t )  determined f r o m  
t h e  t o r s i o n a l  s t r e s s  equat ion im: 

St i G d F2 where 
f ? N  D 

G 0 modulua of e l a s t i c i t y . i n  torsion - 11 x 10 6 pri 

d 

F 

o diameter  of wire 5 . 2 8 V  

= d e f l e c t i o n  a t  f u l l  compressed l e n g t h  

I p r e l o a d  cornpressed length  + stroke- 

N P number of active c o i l o  - 4 

D = mean c o i l  diameter  - 4 . 2 W  

11 x 10 6 x 0283 x 4e87 = 68,500 pa$ 

3.14 x 4 x (4.2) 2 St 

The maximum t o r s i o n a l  stress is K x S = 1.096 x 68,500 = 75,000 p s i  

"he f i n a l  s p r i n g  dimensions are: 

t 

- 
F'L = f r e e  l eng th  t 6.87" 

IL = i n s t a l l e d  l e n g t h  E 2.37" 

CL 1 compressed l e n g t h  2.00" 

' d t w i r e  diameter = .283" 

D = mean d iameter  = 4.20" 

P = p i t c h  = 1.575" 

SR s p r i n g  r a t e  P 35#/in 
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C. RELIEF' VALVE INCORPO2AT1,XG A RL'PTORE DISC ASSEMBLY 

RELIEF V.4LVE - IiUPTURE DISC CONFIGURATION 

The s imple  s p r i n g  loaded r e l i e f  va lve  c o n f i g u r a t i o n  shown i n  Figure 
VI w a s  des igned  us ing  on ly  f i v e  b a s i c  parts. 
func t ion6  are:. 

The par ts  and t h e i r  

1. Body: The va lve  body w i l l  be  approximately 5.5" i n  d i ame te r  
and 5.5" long and w i l l  be  machined from an  aluminum forging.  
Both v a l v e  ends w i l l  have i d e n t i c a l  f l a n g e  c o n f i g u r a t i o n  
i n c o r p o r a t i n g  a meta l  "0" r i n g  s e a l .  The i n l e t  f l a n g e  rill 
b o l t  d i r e c t l y  t o  t h e  r u p t u r e  d i s c  assembly and t h e  o u t l e t  
f l a n g e  w i l l  b o l t  t o  t h e  exhaust  duc t .  The v a l v e  rill bo 
suppor ted  through mounting t a b s  on t h e  i n l e t  and o u t l e t  
f l a n g e s ,  Also, t h e  v a l v e  body w i l l  s uppor t  t h e  r u p t u r e  diec 
assembly. The i n l e t  d u c t  w i l l  be b o l t e d  to t h e  i n l e t  of tho 
r u p t u r e  d i s c  assembly and s e a l e d  wi th  a metal r'O" ring. 

2. Poppet: The valve poppet  w i l l  have a s p h e r i c a l  s e a t i n g  surface 
and w i l l  be machined from 304 c o r r o s i o n  r e s i s t a n t  s teel .  The 
poppet  w i l l  have a .025" ho le  d r i l l e d  through t h e  c e n t e r  t o  
provide  a ven t  passage f o r  t h e  c losed  chamber between t h e  
r u p t u r e  d i s c  and re l ie f  valve poppet. 

3. Poppet Guide: The poppet gu ide  and i n t e g r a l  s p r i n g  retaiaer 
w i l l  be machined from 304 c o r r o s i o n  r e s i s t a n t  s teel .  A keyway 
w i l l  be machined a long  t h e  o u t s i d e  d iameter  o f  t h e  guide  t o  
mate wi th  a key i n  t h e  valve body. This  w i l l  p r even t  gu ide  
r o t a t i o n  and s p r i n g  wind-up du r ing  ad jus tment  and,  also, prov ide  
a method f o r  l ock ing  t h e  ad jus tment  nut.  

4. Adj,ustment Nut: 
r e s i s t a n t  s tee l ,  The nu t  would be used on ly  for f i n a l  a d j u s t -  
ment a f t e r  i n i t i a l  i n s t a l l a t i o n  o f  t h e  poppet-spr ing assembly. 

The n u t  w i l l  be machined from 304 corrosion 

5 ,  Spring: 
t r e a t e d  t o  g i v e  t h e  r equ i r ed  s p r i n g  rate. 

The s p r i n g  w i l l  be f a b r i c a t e d  from Inconel  X and h e a t  

The r u p t u r e  d i s c  assembly shown i n s t a l l e d  on t h e  o x i d i z e r  t ank  i n  
F igure  VII, could be  aeeigned to m e e t  the reguircments of the 
performance s p e c i f i c a t i o n .  A t  p r e s e n t ,  r u p t u r e  d i s c  can be des igned  
t o  o p e r a t e  a t  p r e s s u r e s  t o  95% of  r u p t u r e  s e t t i n g .  Disc r u p t u r e  
p o i n t s  can be p r e - s e t  wi th  a c c u r a c i e s  t o  0.5%. Rupture disc  assemb- 
l i e s  a r e  a v a i l a b l e  wi th  a d j u s t a b l e  p r e s s u r e  s e t t i n g ,  e l i m i n a t i n g  t h e  
need for p r e c i s i o n  manufacturing of b u r s t  d i s c .  
assembly would be advantageous f o r  use with  FLOX due t o  t h e  c o r r o s i v e  
a c t i o n  t h a t  could t a k e  p l a c e  on t h e  r u p t u r e  d i s c  wh i l e  exposed t o  a 
FLOX atmosphere. 

Thie  t y p e  of 
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I .  

C. RELIEF VALVE INCORPORATING A RUPTURE DISC ASSEMBLY 
l c o n t i n u e d )  

The main advantages  ef a r u p t u r e  d i s c  - r e l i e f  v a l v e  assembly arm: 

1. Zero leakage  under  normal cQndit ion8.  

2. L i g h t  weight compact design. 

3. No th readed  or moving p a r t s  exposed t o  FLQX under  normal 
o p e r a t i n g  condi t ions .  

~ n s t a n t a n e o u a  ven t ing  i f  o v e r p r e s s u r i z a t i o n  occurm. 4. 

5.  No requi rements  f o r  l u b r i c a t i o n ,  

6. Ease of c l t a n i n g ,  

The possible ,d isadvantages of  t h e  r u p u t t  d i s c  - re l ief  valve 
assembly arc: 

1. The requirement  t o  t es t  s e v e r a l  rupu te  d i e c  from each 
produc t ion  l o t  t o  v e r i f y  t he  r u p t u r e  p r e s s u r e  band. 

2. High l eakage  ra te  through the backup r e l i e f  v a l v e  if the 
r u p t u r e  d i e c  rupture.. 

. 
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ABSTRACT 

This document describes the performance specifications for two different 
configurations of a vehicle-borne FLOX-ATLAS oxidizer tank pressure relief 
valve to be located on top of the Atlas oxidizer tank within the Atlas/Centaur 
clearance envelope. 

Each relief valve shall be designed to prevent the oxidizer tank pressure from 
increasing above the pressure specified in the design requirements. The 
valves shall be designed to function automatically. 

The two different configurations shall be identified as: 

xxxx-1 
xxxx-3 
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PERFORMANCE SPECIFICATION 

1.0 

1.1 

1.2 

- 

OXIDIZER TANK PRESSURE RELIEF VALVE 
FOR A FLOX-ATLAS VEHICLE 

INTRODUCTION 

Scope 

This document specifies the design criteria for the FLOX oxidizer tank 
pressure relief valves and establishes the basic capability of the com- 
ponent to perform the necessary functions. 
control fa r  design in  order to maintain compatibility with requirements 
of the pneumatic system. 

It 'shall serve as the internal 

Applicable Documents 

A. Military Specifications 

MIL-E -5272A 
16 September 1952 

MIL -P -27401B 
19 September 1962 

U.S. Bureau of Mines. 
Grade -A 

MIL -C-50 1 5D 
17 December 1958 

MIL-B-5087A( 1) (AGS) 

MIL-I-6865D (-1) 
27 October 1959 

MIL-S -7742 ( 1) 
28 May 1956 

MIL-R-11468 
27 September 1951 

Environmental Testing, 
Aeronautical and Associated 
E quipme nt 

Propellant-Nitrogen Pressurizing 

Helium Gas 

Connectors, Electrical ttANt' Type 

Bonding; Electrical (for Aircraft) 

Inspect ion , Radio g r  aphic 

Screw Threads, Standard 
Aeronautical 

Radiographic Inspection, Soundness 
Requirements for Arc and Gas Welds 
in Steel 
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B . Publications 

Air Force -Navy-Aeronautical Bulletins 

143d 
19 August 1954 

Specifications and Standards, Use of 

Contractor 

0- 7 5002 Cleaning Procedures - Liquid 
Oxygen Sys tern Components 

0-7 50 19 

0-75063 

Packaging of Missile System Com- 
ponents 

Specification for Unfilled 
Pol  yte t r afluo r e th yle ne ( Teflon) 

7-OOZOqB 
1 March 1958 

69-00202B 
21 January 1964 

Environmental 'Design Conditions and 
Environmental Tes t  Procedures  for 
WS-107A-1 Equipments, Specifi- 
cation for 

Environmental Design and Tes t  
Cri ter ia  Specification for Space 
Launch Vehicles Vehicleborne and 
Aerospace Ground Equipment 
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2 . 0 .  REQUIREMENTS 

I 

2 . 1  Design Requirements - General 

Materials. 
be compatible with liquid o r  gaseous oxygen and liquid and gaseous 
fluorine in any mixture ratio. 

2 

2.1.1 Materials in contact with FLOX vapor o r  liquid shall 

2.1.1.1 Metals. Only metallic bellows o r  diaphragms and 
metallic static seals  shall  be specified, except as. 
noted in paragraph 2.1.1.10. 

2.1.1.2 Lubrication. The relief valves shall  be designed to 
function properly without lubrication of any par t s  and/ 
o r  assembly. 

2.1.1.3 Screw Threads. Threaded detail par t s  shall be speci- 
fied only as required to substantially simplify the 
design. 

2.1.1.4 Decontamination Requirements. P r ime  consideration 
in design shall be given to providing for ease of clean- 
ing, purging, inspection, and contamination control. 

2.1.1.5 FLOX Entrapment. Prime consideration shall be given . 
to minimizing FLOX entrapment within the relief valves, 
for personnel safety purposes during disassembly, 
after being exposed to a fluorine environment. 

2.1.1.6 Passivation. Pr ime consideration shall be given to 
provide for ease of passivation, by dlow-lng flow io SI? 
cavities which require exposure. 

. 

2.1.1.7 Environmental Requirements. The design shall con- 
form to environmental requirements per  GD/C Report 
69-00202B, 21 January 1964. 

2.1.1.8 Joining. The design shall provide for  welding in 
preference to brazing; however, brazing is not pro- 
hibited. 

2. 1.1.9 Limitations. The following mater ia ls  shall not be used 
in the design: 
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2.1.1.9 (Continued) 

a. Carbon and rubber 
b. Cadmium plating 
c. Titanium 

2.1.1.10 Teflon. The main poppet seal of the -1 configuration 
shall be the only seal made of Teflon. 

2.1.2 Electrical  Requirements for  -1 Configuration ' 

2.1.2.1 Electrical Bonding. Electrical bonding shall  be pro- 
vided in  accordance with specification MIL-B -5087. 

2.1.2.2 

2.1.2.3 

Receptacles and External Connections. Receptacles 
shall be in accordance with specification MIL-C-5015, 
except that contacts shall be gold plated to a minimum 
thickness of . O O O l  inches. 

Dielectric Strength. 
capable of withstanding 100 volts, rms, 60 cycles, be- 
tween each lead and all other leads when grounded to the 
case and a r e  not internally connected to  the test lead. 

Electrical  components shall be 

2.1.2.4 Insulation Resistance. The insulation resistance shall 
be not less than 200 megohms when measured between 
each lead and all other leads when they are grounded to 
the case and a r e  not internally connected to the test lead. 

2.1.2.5 Grounding. The design and construction of the relief 
.valve s h a l l  be such that all external par t s  shall be at 

. ground potential. 

2.1.2.6 Electrical Schematic. The electr ical  control circuit  
shall be p e r  Figure I. 

2.1.2.7 Voltage. The solenoid shall be designed to operate 
intermittently with a maximum current  requirement of 
3 .0  a m p s  at 29 volts (DC) at  a temperature of +78O F. 
Minimum voltage requirement shall be 24 volts (DC). 
Maximum operating temperature shall not exceed looo F. 

2.1.2.8 Sealing. The electrical  system shall be isolated from 
-L 

the f lu id  medium in all respects.  
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2.1.3 Workinn Fluid 

2.1.3.1 Non-operatink The relief valve shall be designed to 
function within the requirements of this document 
after being exposed to .the following fluid media: 

a. Liquid oxygen and liquid fluorine in any mixture 
ratio. 

b. Gaseous oxygen and gaseous fluorine in any mix- 
ture ratio. 

c. Dry gaseous nitrogen - the AGE oxidizer tank 
pressurization fluid media during transportation, 
standby on launcher, and countdown. 

2.1.3.2 Operating. The relief valve shall be designed to oper- 
ate against a pressure fluid media of liquid oxygen and 
liquid fluorine, gaseous oxygen and gaseous fluorine, 
and gaseous helium and gaseous nitrogen combined in 
any ratio. The temperature of the media shall range 
from -3OOO F to +450° F. 

2.1.4 Vibration Requirements 

The relief valves shall be designed to conform to the Atlas/ 
Centaur adapter area (airframe mounted equipment) simultan- 
eously combined sinusoidal/random vibration, as shown in 
Figures 11, III, and IV. 

Storage and Transportation Environments 2 e 1 5 

The relief valves shall be capable of safe storage and transpor- 
tation without impairment of capabilities from the effects of non- 
operating environments, as specified in GD/A Report 7-00209B 
and paragraph 2.1.3.1 

2.1.6 Weight and Size 

The weight and size of the relief valves shall be held to a mini- 
mum consistent with good design practices. 
guideline shall be : 
a) -1 Configuration - 50 pounds 
b) -3 Configuration - 5 pounds 

The maximum weight 
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2.2 Design Requirements - Detail 

2.2.1 Requirements for -1 Configuration 

2.2.1.1 Configuration. The -1 shall  be similar to the existing 
GD/C valve, Part No. 55-80209. Modifications to the 
relief valve shall  be made to  meet the requirements of 
this specification. The configuration is schematically 
illustrated by Figure V. 

2.2.1.2 Operation. 
will function during three modes: 

The design of the -1 shall be such that it 

Mode 1: ProDellant Loading 
While solenoid selected to Mode 1, with inlet pressure  
increasing at a maximum rate of 1.0 psig/sec. ,  the 
valve sha l l  flow a minimum of 15 lbs/sec.  (gaseous 
FLOX at -3OOO F) at an inlet pressure  of 12.0 psig. 
With inlet p ressure  decreasing at a maximum rate of 
1.0 psig/sec., the valve shall  close (reseat) at a mini- 
mum inlet p ressure  of 9.5 psig. 

Mode 2: Internal Pneumatics - Shut-off 
While solenoid selected to Mode 2, the valve shall act 
as a shut-off valve against inlet pressures  ranging 
f rom 0 psig to a maximum of 34.7 psig. 

Mode 3: Internal Pneumatics - Relieving 
Operating automatically in Mode 3, with inlet pressure  
increasing at a maximum rate  of 1.0 psig/sec. ,  the 
valve shall flow a minimurn of 0.80 lb/sec.  (gaseous 
helium at 150° F) at an inlet pressure  of 34.7 psig. 
W i t h  inlet p ressure  decreasing at a maximum rate of 
1.0 psig/sec., the valve shal l  close (reseat) at a mini- 
mum inlet p ressure  of 32.1 psig. 
inadvertently relieve (crack) if inlet pressure  is varied 
f rom 0 psig to 28 psig at a maximum rate of 10.0 psig/  
sec. 

The valve shall  not 

2.2.1.3 Proof Pressure .  No component of the relief valve shal l  
fail when subjected to 42.0 psig. 

2.2.1.4 Burst Pressure .  No component par t  of the relief valve 
shall rupture when subjected to 52.0 psig. 
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2.2.1.5 Leakage. The allowable leakage for the -1 configur- 
atior,, inlet pressurized with 31 psig helium gas at 
+70° F and subjected to vibration per paragraph 2.1.4, 
shall not exceed: 

a) 2 scfm internal leakage through main valve and 
controllers. 

6 

b) 5scc/hr external leakage. 

2.2.2 Requirements for -3 Configuration 

2.2.2.1 Configuration. The -3 configuration shall be composed 
of two major components: 

a) Signal pressure  sensing and con t ro lk r  
b) "Main" Valve and body assembly 

2.2.2.2 Operation. The -3 configuration shall  be such that, 
opera t ing  automatically with inlet pressure  increasing 
at a maximum rate of 1.0 psig/sec. ,  the valve shall 
flow a minimum of .80 lb/sec.  (gaseous helium at 
150° F) at an inlet pressure  of 34.7 psig. With inlet 
pressure decreasing at a maximum rate of 1.0 psig/ 
sec. ,  the valve shall  close (reseat) at a minimum in- 
let pressure of 32.1 psig. The valve shall not inad- 
vertently relieve (crack) if  inlet pressure  is varied 
f r o m  0 psig to 28.0 psig at aaminimum rate of 10.0 
psig /sec . 

2.2.2.3 Proof P ~ ~ S S U ~ P  No component of the relief valve 
shall  fail  when subjected to 53.0 psig. 

2.2.2.4 Burst pressure.  No component of the relief valve shall 
rupture when subjected to 70.0 psig. 

2.2.2.5 Leakage. The allowable leakage for  the -3 configur- 
ation, inlet pressurized with 31 psig he-lium gas at 
+70° F, and subjected to vibration pe r  paragraph 2.1.4, 
shall not exceed: 

a) 
b) 
c) %cc/hr external leakage 

138 scim internal leakage through main valve 
125  scim internal leakage through controller 

8 
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ELECTRICAL SCHEMATIC FOR -1 CONFIGURATION 

Mode 1: "A" (+) Energ ized  

Mode 2 and 3: "A" (+) De-energized 

1(+) 
LOCKING SOLENOID 

Mode 1: (+) De -energized 

Mode 2 and 3: "A" (t) Energized  

ACTUATING SOLENOD 
FIGURE I 
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DESIGN REVIEW UPOILT 

DESIGN REVIEW REPORT NO, 696-2-3248099 Pago 1 of 5 

TITLE: FLOX R e l i e f  Valve DATE OF REVIEW: 31 Auguit BS 

RESPONSIBLE GBOUP: Pneaudior  Derign, 664-0 REF. DOCU~ENTS/DRAWING~ ' 
Rep O& GD/C-BJB88-000 

SYSTFX: FLOX Airborne  Pneumaticr BCP 8469 

Cone lam ion: 

With due o o n s i d e r a t i o n  of  t h e  d i r e c t i o n  i d e n t i f i e d  by t h i o  Revier, t h e  
P r e l i m i n a r y  Design o f  "Rupture Disc" FLOX R e l i e f  Vfilve s a t i s f a o f o r i l y  
m e e t r  t h e  ground r u l e s  and r equ i r emcn t r  of S a l e s  Order ( 5 . 0 . )  468-1-1*, 
(Task Order #S t o  t h e  -3246 C o n t r a c t )  and  subsequen t  d i r e a t i o n .  
proposed concep t8  were e l i m i n a t e d  f rom f u r t h e r  o o n r i d e r a t i o u .  Tho Pro- 
l iminary Design p r e s e n t e d  is docunentod by C o n l r i r  Beport GD/C-RJB86-009 
of which t h i s  r e p o r t  1 8  8 p8rt .  

Tho o t b w  

I 

i 

I .  The rupture d i s a  ooncept i o  approved ,  and  the 
requirement f o r  overboard  t e n t i n g  r i l l  be 
r e r e t v e d  f o r  future rerolutioa. 

. 

c 
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PUBPOSE: 

In complianoe w i t h  t h e  9.0. and Division P o l i c y ,  t h i s  Derign Rerior 8.8 
h e l d .  The objeotire of  t h e  Review aaa t o  6 V A l U a t O  t h e  t e c h n f o a l  adoqaaoy 
and accuracy  of t h o  p r e l i m i n a q  des ign.  
demonst ra te  t o  t h e  Cuotomer t h i s  te loknica l  adoquaoy, a a  r o l l  a0 C o n d r ' r  

The f u r t h e r  o b j e o t i r o  wbr t o  

e '  complianoe t o  t h e  tsohnio.1 roqulremendr of  tho  oont rbof .  I .  

PHESENTAT ION: 

Mr. Gray of t h e  Pneumatior Derfgn Group gave t h o  main p r e r e n f 8 t i o n .  
p r e o e n t a f i o n  rammaritad t h e  m a t e r i a l  found in t h e  p r e s e n t a t i o n  handout  
whioh is a aignifieant p o r t i o n  o f  t h e  F i n a l  Repor t  (GD/C-BJB8S-O09) 
(A oopy of t h o  handout  l e  on f i l a  w i t h  t h e  m a r t o r  of t h l r  Derign Eoviow 
Report ) 

T h h  

The Roport and  t h e  p r c r e n t a t i o n  enooapareed t h o  o o n o e p b o f  4 FUlX t a n k  
r e l i o f  valve r u t h o r i r e d  by t h o  S.0. 

. 
They inolodo: 

a }  

b) 

A p r e l i m i n a r y  d e s i g n  u r i n g  a ~ o d i f i o d  GD/C A f h 8  oxidirer b o i l  
o f f  v a l v e  (BOV) ( P / I  65-80209) & 

A new a l l  me ta l  rol ie f  valre. 
r h i o h  proposed: 

Threo now aonoop t r  woro p r o r o n t o l  

*, . 
1) AD a11 m e t a l  o p t i o a l  f l a t  r e a t  oonorpt A 

2 )  

3)  

An a l l  5 e t 8 1  lappod r p h e r i u a l  s e a t  eonoogt 
A r u p t u r e  d i m  assembly aonccpt  baoked up by a r i r p l o  
r e l i e f  vaPro 

This p r e s e n t a t i o n  suppor t ed  t h e  deoiaion of 8x1 e a r l i e r  rev iew (about a 
A U ~ U P ~ ~ )  a n d  aubrequrnt Cuai;oner d i r e a i i o n  t o  d r o p  t h e  BOV, o p t i a a i  i i a t  
s e a t  a n d  t h e  l apped  spher ioml  reat  aoncepte .  The l a o j o r i t y  of t h o  Dbriga 
Review waa s p e n t  on t h e  fRvored r u p t u r e  d i s o  aonaopd. 

DXSCIJSSIOM HPGRLIGHTS: 

1. The  FLOX tank p r e s s u r e  r e l i e f  v a l v e  119 a prePrsare l i a i t i a g  derioo f o r  
r e l i e v i n g  FLOX tank preeaure  when it exoeeds t h a  p r e s o r i b e d  p r e r r u r i  
d u r i n g  engine r t a r t ,  laanah,  powered flighb and o o a s t  periodr .  It8 
oapaoi ty  i r  basad  on i t c  u a p a b f f i t y  t s  r e l i e v e  excees i ro  t a n k  prer rure  
due t o  any f a i l u r e  w i t h i n  the r e g u l a t o r ,  p rovided  tho regolator'r f low 
l i m i t e r  f r  r t i l l  f u n c t i o n i a 8 .  - 
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DISCIISSION IIIGlfLICIITS: (Continued) 
? 

The r u p t u r e  d i m  a r s e a b i y  w i l l  be des igned  t o  r u p t u r e  a t  approximately 
36.6 21.6 psig .  Ths'rpring l oaded  back up poppet  r e l i e f  valve 
w i l l  be designed t o  b raak / r e rea t  above 32.1 p s i g  and f u l l  flow a t  
34.7 prig .  

2. The q u e s t i o n  wa8 r a i s e d  ar  t o  when, d u r i n g  a countdown o r  f l i g h t ,  aoold 
t h e  r e l i e f  v a l v e  ope ra t e .  

On t h e  ground,  t h e  r e l i e f  va lve  w i l l  n o t  s e e  FLOX t a n k  preesurem aboro 
30 p s i  u n t i l  a f t e r  commit r t a r t  when v e h i c l e  p r e n s u r i z a t i o a  goor 
i n t e r n a l ,  and t o  f l i g h t  p re s su res .  T h i s  is a b o u t  two minu te r  beforo 
l i f t  o f f .  However, i f  excess ive  p r e s s u r e s  a r e  observed  i n  fhim p e r i o d ,  
a "Pneumetias  Emergency" w i l l  o c c u r  whioh w i l l  a u t o m a t i a a l l y  r e t u r n  t h o  
p r e o s u r i n a t i o n  t o  s tandby p r e s r u r e r  (10 p s i )  unde r  t h e  a o n t r o l  of the  
AGE P r e s s u i t a t i o n  Con t ro l  Unit (PCU). Thin t a k e r  a b o u t  4 seaondm; 

I f  t h r  r u p t u r e  d i s o  b u t r t r  in t h a t  b r i e f  p e r i o d ,  a ' d e a i r i a n  would be 
r e q u i r e d  on whether  o r  n o t  t o  f l y  w i t h  a r u p t u r e d  r e l i e f  l i r a ,  
back up poppet  r e l i e f  v a l v e  w i l l  r t i l l  m a i n t a i n  m f e  P l i g h t  p r e o r u t e ,  
b u t  w i t h  rome FLOX vapor  leakage. 

Tho 

In f l i g h t ,  i f  exaeoeive p r e s s u r e  caused  t h e  r u p t u r e  d i r e  t o  burif,' 
t ank  i n t e g r i t y  would be mainta ined  by t h e  poppet  r e l i e f  va lvo ,  but  
leakage  would o c c u r  oon t inuonr ly  f r o m  t h e  time o f  f a i l u r e .  

3, The q u e r t i o n  of  l eakage  d i r s i p a t i o n  war then d i e a u e i e d o  

It was f i r r t  r ecogn ized  t h a t  a r i g n i f i c e n t  advan tage  o f  t h o  r u p t u r o  
diea concept  WEE t h a t  no leakage would o c c u r  d u r i n g  n o m a 1  o p e r a t i o n .  

The o r i g i n a l  eyeten! concept  t o  hand le  leakage was t o  e x h a u s t  t h o  
l eakage  into the  SVV duat.  
a f t e r  l i f t  o f f  and  s e p a r a t i o n  from the BOY u m b i l i a a l .  
however, one a l t e r n a t e  for  t h e  BOV u m b i l i c a l  d i a c o n n e c t  aonoept  i r  t o  
have 8 r e e l e d  e l o s u r e  an t h e  A/l3 h a l f  of t h e  d i sconnec t .  
n o t  a l l o w  t h e  r e l i e f  valvr t o  r e l i e v e .  
kW66-004 and Deaign Review Bepor t  696-2-3246-38). 

Thia duck was Co be open $0 atmaphere 
C u r r e n t l y ,  

(See Conraar  Repor t  CD/C- 
Thio would 

The s o l u t i o n  i n  t Q  p rov ide  the  r e l i e f  valve w i t h  i t 8  own over board^ r e n t  
l i n e .  This aotald o r e s t e  t h e  r equ i r emen t  d e r  a r o l l e f  valve anb i l i aa l .  

I t  war aono ludrd  t h a t  t h e  p r a b l m  d i d  n o t  impact  t h e  r e l i e f  valve 
uoncept and t h a t  futuro t r a d e  o f f  r t q u i r e a e n t r  oouhd negato onf r t t e m p t  
t o  e o l r e  the problem 8011. (Direct icrn #l), 



. GEWERAL DYNAMICS 
Convair Division 

DI 9 CUSS I ON €I I GH LIGHTS : ( Cant  inao d) 

4. llr.  Brsun, NASA, a s k e d  what oonfidenoe C o n r a i r  had in t h e  a b i l i t y  t o  
produce a r e l i a b l e  r u p t u r e  d i r o  of t h e  r e q u i r e d  rime t h a t  would f a i l  
w i t h i n  t h e  p r e s s u r e  t o l e r a n o e r  r equ l rod .  

Ur. Gray r t a t e d  t h a t  w h i l e  t h e r e  is no d f s a  p r o e r n t l y  a v a i l a b l e  rad 
q u a l i f i e d  t o  meet t h e s e  r equ i r cmen t r ,  t h e  vendor8 oon tao ted  (Calreo 
f o r  one) r t a t e d  t h e r e  lrhould be no r i g n i f i a a n t  problem i n  t h i r  area. 
Vendors have produoed a n d  q u a l i f i e d  r u p t u r e  d i a o r  in t h e  general  r isor  
and  p r e s s u r e  rangee .  S e v e r a l  vendors  wero mentionod by Y r .  Gray, and 
Ilr. Braun mentioned 0x10 o r  two. 

In a d d i t i o n  t o  the  above,  Convair  p o i n t e d  o u t  t h a t  t h o  fo l lowing  
e o n r i d e r a t i o n s  have been i nooapora t ed  i n t o  tho Berign a o n o e p t ~  

8 .  

.) Tho m s t e r i a l s  r e l e o t s d  f o r  t h e  r e l i o f  v a l r o  aro oompatiblo 
w i t h  a f l u i d  medium of  l i q u i d  oxygen and i l a o r i n o  oombined 
in any mixture  * t l o .  

. 

b) 

e)  

Only metallio r e a l r ,  g a s k e t 8  and  "0" ring8 are  employed f o r  
r e p a r a b l o  e l o s u r r r  exposed t o  FMX. 

Carbon and rubber m a t e r i a l a  a re  not  being u r e d  in t h e  dooign. 

d)  

0 )  E a r s  of o l e a n i n g ,  purging, i n s p e c t i o n  and  e o n t ~ m i m f i o o  oontte l  

f )  

The d e s i g n  minimines e x t e r n a l  and i n t e r n a l  leakage. 

is o prime o o n s i d e r n t i o n  i n  this derign. 

The d e e i g n  i 8  i n  aonformanac w i t h  t h e  Atlar/Centaur rymtor  and 
At las /Cen tau r  envi ronmenta l  a p e c i f  f e a t i o n s  (GD/C Boport Woe 
RQ-002% Amendment B, dated Janaary 21, 1964)p . 

8 )  No l u b r i c a n t e  are uoed. 

h) 

i) 

No cadmium p l a t i n g  is used  i n  t h e  d e r i g n  of  any p a r t  of t h o  
re1 is f valro 

R e l i e f  v a l v e  derign is a r  s imple  ar  p o r s i b l e , a n d  r t i l l  pe r fo rm 
t h e  n e c e r s a r y  f u n c t i o a r .  
ainimui. 

Threaded p r t r  are hold t o  
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INTit0OL)UCTION 

1.1 0 Scope 

T h i s  document s p e c i f i e s  t h e  t e s t i n g  r e q u i r e d  on t h e  FLOX-Atla8 
o x i d i z e r  tank p r e s s u r e  r e l i e f  u n i t  t o  demonst ra te  conformance 
t o  t h e  performance s p e c i f i c a t i o n .  
Repor t  No. BJB65-009). 

Ref. (General Dynamic6 Convai r  

The r e l i e f  u n i t  c o n s i s t s  of a r u p t u r e  d i s c  for pr imary  pres l rure .  
r e l i e f  and a s p r i n g  loaded  poppet  r e l i e f  va lve  downstream of t h e  
r u p t u r e  d i s c .  

2 .o TEST CONDITIONS 

2.1 Atmospheric Cond i t ion6  
* I  . - _  

Unless  o t h e r w i s e  s p e c i f i e d  h e r e i n ,  a l l  t e s t s  s h a l l  be performed 
a t  a n  a tmospher ic  p r e s s u r e  between 28 i n c h e s  and 32 i n c h e s  of 
mercury, a t empera tu re  between +60°F and 95OF, and  a relative 
humidi ty  of n o t  more t h a n  90%. 
t h a n  t h e  a tmospher ic  c o n d i t i o n s  s p e c i f i e d  s h a l l  i n c l u d e  c o r r e c t i o n 8  
for i n s t rumen t  compensation. 

Data from t e s t s  performed a t  o t h e r  

2 . 2  Tolerance6  

The maximum a l l o w a b l e  t o l e r a n c e s  on t e s t  c o n d i t i o n s  s h a l l  be a8 
f o l  low6 : 

+4OF, or 6% of temp. span  whichever is g r e a t e r .  a )  Temperature  - 
b )  Barometr ic  P r e s s u r e  25% 

c )  R e l a t i v e  Humidity 210% 

d )  V i b r a t i o n  Amplitude 210% 

e )  V i b r a t i o n  Frequency 22% 

f )  k c e l e r a t i o n  - +lo96 

g) Shock - +lo% 
h)  Volume - +3% 

i )  P r e s s u r e  - +3% 

j )  Flow - +3% 

Ullage  p r e s s u r e  measurement s h a l l  be c e r t i f i e d  t o  a 
r eadou t  t o l e r a n c e  of 20.32 p s i  (21% of 32 p s i g ) .  
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2.0  TEST CONDITIONS (cont inued)  

2.3 Measurements 0 
A l l  measurements s h a l l  be made w i t h  i n s t r u m e n t s  whose a c c u r a c i e a  
have been c u r r e n t l y  c e r t i f i e d .  

2.4 Adjustments  and R e p a i r s  During Te.et8 

No.adjus tment ,  maintenance, o r  r e p a i r s  of t h e  t ee t  specimen s h a l l  
be  a l lowed dur ing  t h e  tes t  program. Excep t ions  s h a l l  be made 
when i n  t h e  op in ion  of des igna ted  pe r sonne l ,  ad jus tmen t s ,  r e p a i r 6 ,  
or maintenance are not  due t o  f a u l t s  i n  d e s i g n ,  workmanship, 
mater ia ls ,  or t o  t h e  t e s t  c o n d i t i o n s  imposed. 

2 . 5  Temperature S t a b i l i z a t i o n  

Temperature  s t a b i l i z a t i o n  h a s  been reached  when t h e  t empera tu re  
of t h e  l a r g e s t  c e n t r a l l y  l o c a t e d  mass of t h e  t e s t  oyecimen doe8  
n o t  va ry  more t h a n  5OF from t h e  t empera tu re  ambient  t o  t h e  equipment.  

3 .O CLASSIFICATION OF TESTS 

3.1 I n d i v i d u a l  Acceptance T e s t s  

3.1.1 Rupture  Disc - Three r u p t u r e  d i s c s  s h a l l  be manufactured for e a c h  
one t h a t  is t o  be d e l i v e r e d  and s u b j e c t e d  t o  t h e  f o l l o w i n g  tests. 

a )  Examinat ion o f  Product (3 diecs) 0 
b )  Proof P r e s s u r e  (3  disc.) 

c )  B u r s t  (2 d i s c s )  - B u r s t  number 1 d i s c  a t  +160°F and number 
3 d i s c  at -30OF. B u r s t  p r e s s u r e  s h a l l  be 36.5 2 1.0 ps ig .  

3.1.2 R e l i e f  Valve - Each r e l i e f  v a l v e  s h a l l  be s u b j e c t e d  t o  t h e  
f o l l o w i n g  tes ta .  

a)  Examination of Product 

b)  h o o f  P r e s s u r e  

c )  Flow 

3.2 Prep roduc t ion  T e s t s  

3.2.1 R e l i e f  Valve - One ( 1 )  t e s t  specimen s h a l l  be s u b j e c t e d  t o  t h e  
F l u o r i n e  C o m p a t i b i l i t y  T e s t s  s p e c i f i e d  i n  pa rag raph  3.2.1.1 
and one (1) t e s t  specimen s h a l l  be s u b j e c t e d  t o  t h e  O p e r a t i o n a l  
T e s t s  s p e c i f i e d  i n  i.aragraph 3.2.1.2. The t e s t  specimens s h a l l  
have been s u b j e c t e d  t o  t h e  I n d i v i d u a l  Acceptance Tes ts  b e f o r e  
be ing  s u b j e c t e d  t o  t h e  P rep roduc t ion  T e s t s .  



3.0 CLASSIFICATIOX OF TESTS (continued) 

3.2.1.1 Fluorine Compatibility - Unit Number 1 
a) Examination of Product 

b) Proof Pressure 

c 1 Passivation 

d )  Flow Cycles 

e) *Leakage 

3.2.1.2 Operational - Unit Number 2 

a) Examination of Product 

b) Proof Pressure 

c) Extreme Temperature 

d )  Vibration 

e )  Acceleration 

NOTE: Do not subject this relief valve to - 
the burst test until test ( c )  of 
paragraph 3.2.2 (Endurance) has been 
accompl iehed . 

I )  Burst 

3.2.2 Rupture Disc - Fifty ( 5 0 )  delivered rupture discs that have 
been subjected to the Individual Acceptance Tests shall be 
tested according to the following test schedule. 

a) Examination of Product (50 discs) 

c )  Endurance - Relief valve test specimen number 2 shall 
be installed in the rupture disc burst test setup. 

- NOTE: This test to be performed after accomplishing 
tests (a) thru (e) of paragraph 3.2.1.2 on 
relief valve specimen number 2. 
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4 .0  

4 . 1  

4 .2 

4 .2 .1  

4.2.2 

4.3 

Examinat ion ob Product  

V i s u a l l y  examine each  t e s t  u n i t  i n  o r d e r  t o  de te rmine  t h a t  t h e  
specimen meets  t h e  r equ i r emen t s  of worlimanship, i d e n t i f i c a t i o n  
markings,  e x t e r n a l  dimensions,  f i n i s h ,  c l e a n l i n e s s ,  and p r o p e r  
i n s p e c t i o n  approva l .  The specimen s h a l l  be f r e e  of t o o l  marks 
and any damage r e s u l t i n g  from t e s t i n g  and handl ing .  The s p e c i -  
men c l e a n l i n e s s  s h a l l  be ma in ta ined  throughout  t h e  t e s t  program. 
When n o t  i n  t e s t ,  each  t e s t  specimen s h a l l  be p r o p e r l y  kackaged 
and p l a c e d  i n  a c l e a n  po lye thy lene  bag t o  p reven t  contaminat ion .  

Proof P r e s s u r e  T e s t  

Rupture  D i m  - c 

a )  I n s t a l l  t h e  t e s t  specimen i n  a r u p t u r e  d i s c  assembly 
pe r  manufac tu re r  ' s i n 6  t r u c  t i  one , 

b)  I n s t a l l  t h e  r u p t u r e  d i s c  assembly in t h e  t es t  s e t u p  
shown i n  F i g u r e  1. 

c )  Slowly p r e s s u r i z e  t h e  t es t  specimen i n l e t  p o r t  t o  
33.5 2 0 . 5  p i g  w i t h  ambient t empera tu re  d r y  he l ium 
gas and h o l d  t h i s  p r e s s u r e  f o r  three (3) minute.. 
Measure t o t a l  l eakage  by water d i sp lacemen t  method 
for l as t  two (2) minutes .  The l eakage  s h a l l  not 
exceed 5 SCC per  hour. 

CAUTION: Do n o t  exceed 34 p e i g  a t  i n l e t  p o r t ,  

d )  Depres su r i ze  sys tem and v i s u a l l y  examine t e s t  s p e c i -  
men f o r  damage or deformat ion .  No damage or 
defo rma t ion  al lowed.  

R e l i e f  Yalve - 
I n s t a l l  t h e  t e s t  specimen i n  t h e  t e s t  s e t u p  shown 
in .Pigdr= 

Slowly p r e s s u r i z e  t h e  t e s t  specimen i n l e t  p o r t  t o  
53 p s i g  w i t h  ambient t empera tu re  dry hel ium gas and 
ho ld  t h i s  p r e s s u r e  f o r  one ( 1 )  minute.  

, 

Rel i eve  t h e  pressure arid v i s u a l l y  examine the tes t  
specimen f o r  damage or deformat ion .  

R e l i e f  Valve Flow. T e s t  

a) I n s t a l l  t h e  t e s t  specimen i n  t h e  t e s t  s e t u p  shown in 
F i g u r e  VI. 
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4.0 TEST PROCEDURES ( con t inued)  
*- 

4.3 cent i nued  0 

4.4 
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b )  I n s t r u m e n t a t i o n  - Reeorder channel  i d e n t - f i c a t i o n  and 
scale  r a n g e s  s h a l l  be as f o l l l e w s :  (Pape r  Speed 2.5 mm/sec) 

CHANNEL NO. CHANNEL IDLYTIFICATION SCALE RANGE 

1 Ul lage  Tank P r e s s u r e  30.0 - 40.0 psi6 

2 Flow Cont ro l  Valve I n l e t  P r e s s u r e  0 - 5000 peig 

3 T e s t  Specimen Temperature  -100 t o  +200*$..- 

c )  Slowly i n c r e a s e  u l l a g e  t a n k  p r e s s u r e  t o  31.5 20.5 p e i g  w i t h  
ambient  t empera tu re  helium gae4 

d )  I n c r e a s e  t h e  u l l a g e  tank  p r e s s u r e  from 31.5 2 0.5 peig a t  a 
ra te  of 6 t o  10 p s i  per  minute w i t h  ambient  t empera tu re  he l ium 
gas .  Maximum c r a c k i n g  p r e s s u r e  s h a l l  be 34.7 psig and minimum 
reseat s h a l l  be 32.1 psig. 

e )  Decrease  u l l a g e  tank p r e s s u r e  t o  31.5 2 0.5 p s i g .  Then open 
s o l e n o i d  v a l v e  r a p i d l y  ( w i t h i n  0.5 second)  t o  f low 0.85 2 .OS 
l b s / s e c  of ambient tempera ture  hel ium g a s  i n t o  t h e  u l l a g e  for 
a p e r i o d  of 5 2 1 seconds ,  t hen  c l o s e  s o l e n o i d  v a l v e  w i t h i n  
0.5  second.  The maximum t a n k  p r e s s u r e  s h a l l  be 36.5 psig and 
t h e  minimum reseat s h a l l  be  32.1 psis?  

I )  Decrease t h e  u l l a g e  tank  p r e s s u r e  t o  32.1 p s i g  and  measure. 
e x t e r n a l  and i n t e r n a l  leakage.  The i n t e r n a l  l eakage  shall not 
exceed 35,000 SCXMS. The e x t e r n a l  l eakage  s h a l l  n o t  exceed 
5 SCC p e s  hour.  

Rel ief  Valve Extreme Temperature 

The f o l l o w i n g  test sequence s h a l l  be conducted  i n  a t empera tu re  
chamber i n  t h e  o r d e r  s p e c i f i e d .  A thermocouple  s h a l l  be p l a c e d  . 
on good t he rma i  contact  o i i  the l a r g e s t  c e n t r a l l y  l o c a t e d  i n t e r n a l  
mass w i t h i n  t h e  u n i t ,  o r  i n  any o t h e r  a o c a t i o n  deemed necessa ry  
t o  check  t empera tu re  s t a b i l i z a t i o n .  

a )  I n s t a l l  t h e  t e s t  specimen i n  t h e  t empera tu re  l eakage  
chamber i n  t h e  t e s t  s e t u p  shown i n  F i g u r e  V I  and perform 
a F ~ Q W  Test. 

b) The chamber tempera ture  s h a l l  be reduced  t o  minus 65.F, 
a t  a ra te  of 0.75 t o  1.25'F p e r  minute ,  and main ta ined  
at t h i s  t empera tu re  f o r  a pe r iod  of not l e s a  t h a n  8 
h o u r s ,  o r  u n t i l  u n i t  t empera ture  s t a b i l i z e s ,  whichever  
is longer. The chamber t empera tu re  s h a l 2  t h e n  be 
r a i s e d  to minus 3 0 B F  and mdin ta ined  a t  minus 30°F u n t i l  
t h e  u n i t  t empera ture  s t a b i l i z e s .  Xhi le  a t  t h i s  
t empera tu re  perform a Flow Tes t .  
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TEST PROCEDURES ( con t inued)  

4.4 con t inued  I 

c )  The chamber tempera ture  s h a l l  be i n c r e a s e d  t o  +P60*F a t  
r a t e  of 0.75 t o  1.25'F per minute,  and ma in ta ined  a t  t h i 8  
tempera ture  f o r  a p e r i o d  of n o t  less t h a n  8 h o u r s ,  o r  u n t i l  
u n i t  t empera tu re  s t a b i l i z e s ,  whichever is longer .  bfhile a t  
t h i s  t empera tu re ,  perform a Flow Test, 

d )  The chamber tempera ture  s h a l l  be reduced  t o  +40°F at  a rate. 
of 0.75 t o  1.25OF p e r  minute ,  and ma in ta ined  a t  t h i e  tempc- 
r a t u r e  f o r  a pe r iod  of n o t  l ess  t h a n  4 hours ,  or u n t i l  
u n i t  t empera tu re  s t a b i l i z e s ,  whichever  i e  longer .  While 
a t  t h i s  t empera tu re ,  perform a Flow T e s t ,  

e )  Return t h e  chamber tempera ture  t o  t h e  i n i t i a l  ambient 
c o n d i t i o n s  and perfbrm a Flow T e s t .  

4.5 R e  li e f V a l v e  V i b r a t i o n  

a )  The v i b r a t i o n  t e a t  s e t u p  is shown i n  F i g u r e  VI. 

b )  I n s t r u m e n t a t i o n  - I n s t r u m e n t a t i o n  on r e c o r d e r  channe l6  a8 
r e q u i r e d  t o  r e c o r d  u l l a g e  tank p r e s s u r e ,  f low c o n t r o l  va lve  
i n l e t  p r e s s u r e ,  and v i b r a t i o n  i n p u t  and ou tpu t .  

c )  Al ign  t h e  t e s t  specimen i n  t h e  t e s t  s e t u p  w i t h  its axi8 
a l i g n e d  a l o n g  t h e  a x i s  o f  i n p u t  v i b r a t i o n .  

d )  P r e s s u r i z e  t h e  u l l a g e  t a n k  t o  30.0 2 0.5 p s i g  w i t h  ambient' 
t empera tu re  h e l i  ua gips . 

e )  While m a i n t a i n i n g  t h e  u l l a g e  t ank  at 30.0 2 0.5 p s i g ,  com- 
mence t h e  slow speed  v i b r a t i o n  scann ing  sweep, a t  f r e q u e n c i e s  
and ampl i tudes  of combined s i n u s o i d a l  random v i b r a t i o n  a8 
shown i n  F i g u r e  11 and 111, and a sweep p e r i o d  as shown i n  
F i g u r e  IV. Note t h e  t h r e e  most r e s o n a n t  f requency  poiat8 
and perform a c r a c k  and reseat  p e r  s t e p  (d)  of paragraph  4.3 
measuring t h e  reseat i n t e r n a l  leakage  f o r  one minute. 

P) If a t  any t h e  d u r i n g  t h e  v i b r a t i o n  t e s t ,  t h e  t e s t  specimen 
ma l func t ions ,  ho ld  the v i b r a t i o n  f requency  and r educe  t h e  

v i b r a t i o n  f r e q u e n c i e s  and "G" l e v e l s  s h a l l  be r eco rded  on 
t h e  t e s t  d a t a  s h e e t  anci t h e  scan  p e r  s t e p  ( e )  cont inued.  

l e v e l  u n t i l  t h e  ma l func t ion  is no l o n g e r  e v i d e n t .  These 

g) Perform a Flow Test. 

h )  A l i g n  t h e  t e s t  specimen i n  t h e  t e a t  s e t u p  w i t h  its IVYn axi8 
a l i g n e d  a long  t h e  a x i s  of i n p u t  v i b r a t i o n .  

i )  Repeat s t e p s  (d )  t h r u  (610 

j)  Align t h e  t e s t  specimen i n  t h e  t e s t  s e t u p  w i t h  its nZV* a x i 8  
a l i g n e d  a long  t h e  a x i s  of i n p u t  v i b r a t i o n .  

k) Repeat s t e p s  (d )  t h r u  (e ) .  
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4.0 TEST PROCEDURES (continued) 

4.6 Fluorine CQmpatibility 

a) The test setup for the compatibility tests is illustrated in 

b) Instrumentation - Recerder channel identification and scale 
Figure X. 

ranges for all phases of life testing shall be as fo11ow8; 
(Paper epeed 0.5 nun/sec) 

CHANNEL NO. CIUNNEL IDENTIFICATION SCALE RANGE 

1 Ullage tank pressure 20.0 - 35.0 psi6 
r 

2 Specimen inlet pressure 0 - PSig  

e) Mount the test specimen in the FLOX clean test setup, and leak 

d) Paseivate the system in the following manner: 

check the system while pressurized at 31 psig. 

1. Open valve #3. 

2. Open valve #4 until gage #6 indicate8 relief valve is relieving. 

3. Close valve #4, open valve #2. 

4. Open valve #1 and #5 and flow F through the system into 
the disposal at a slow rate for 2 approximately 2 minute.. 

5. Close valve #3, adjust valve #1 a8 required to increase 
the system pressure according to the following schedule: 

5 psig for 20 minute. 
10 p i g  for 20 minute. 
15 psig for 20 minute. 

25 psig for 20 minute. 
31 psig for 3 hours 

zc! j?sig far  20 minutes 

6. Close valve #2 and oper. valve #;. 
i 
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4.0 TEST PHOCEDURES ( cen t inu rd )  

I .  4.6 con t inued  - 

7 .  Open va lve  #l and #5 and f low th rough  t h e  t e s t  specimen fer 
2 r i n u t a a .  

8. C l o s e  valves 81 and #5, open valve #2. . 

9. Open va lve  #4 and purge system f o r  10 minutes  w i t h  d r y  GN2. 

10. C l o s e  v a l v e  #2 and flow through t e s t  specimen f o r  5 minuter.  

11. Measure & r e c o r d  t h e  t e e t  specimen c rack  and r e s e a t  p r e s s u r e  
en channel  #lo 

12. Measure l eakage  a t  o u t l e t  of t e s t  specimen w i t h  an inlet 
p r e r r u r e  o f  30 2 0.5 pr ig .  * 

13. Open valve #2 and vent  syatem preemrs t o  eero pr ig .  

14. Close a l l  valves and remove t e s t . s y e c i m c n .  
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4.0 , TLST FEOCEDURES ( con t inued)  

4.7 R e l i e f  Valve A c c e l e r a t i o n  

a )  The a c c e l e r a t i o n  t e s t  s e t u p  is shown i n  F i g u r e  V I .  

b)  I n s t r u m e n t a t i o n  - Recorder  channe l  i d e n t i f i c a t i o n  and  scale 
r a n g e s  s h a l l  be a s  fo l lows :  (Paper  speed  1 mm/sec) 

CHA!NEL NO. CHAKNEL IDENTIFICATION SCALE RANGE 
1 Ul lage  tank p r e s s u r e  30.0 - 4 0 , 0 , p ~ i 6  

2 Flaw c o n t r o l  v a l v e  i n l e t  p r e s s u r e  0 - 5000 p i g  

3 A c c e l e r a t i o n  

c )  Mount t h e  t e s t  specimen i n  t h e  t e s t  s e t u p  w i t h  its "X" axim 
outboard  of  t h e  c e n t r i c u g e  i n  o r d e r  t o  per form t h e  "Xtl axi& 
a c c e l e r a t i o n .  

d )  P r e s s u r i z e  t h e  u l l a g e  tank t o  30.0 2 0 .5  p s i g  w i t h  ambient 
t empera ture  he l ium gae. 

e) While ma in ta in ing  t h e  u l l a g e  tank a t  30.0 2 0.5 p s i g ,  o p e r a t e  
t h e  c e n t r i f u g e  t o  o b t a i n  10.0 2 1.0 G. 

f )  While ma in ta in ing  10.0 2 1.0 G ,  per form a crack and reseat 
p e r  s t e p  ( c )  of paragraph  4.3 measuring ' t h e  reeeat i n t e r n a l  
l eakage  f o r  one minute.  

g) Repeat s t e p s  ( c )  t h r u  ( f )  w i t h  t h e  t e s t  specimen mounted 
i n  o r d e r  t o  per form t h e  X I ,  Y, Y ' ,  Z,  and 2' a c c e l e r a t i o n  teets. 

h )  Perform a Flow Teet. 

4.8 Endurance 

e. I - - \  m e  f i f t y  [ au )  r u p t u r e  d i s c s  s n a i i  be s e r i a l i z e d  s e q u e n t i a i i y  from 
one t o  ' f i f t y  and s u b j e c t e d  t o  l i f e  c y c l i n g ,  v i b r a t i o n ,  and b u r s t  
t e s t i n g  as  f.ollows: 

a )  L i f e  Cyc l ing  - S/M 1, 2, 9, 10, 17, 18, 33, 34, 35, 36, 
4 3 ,  and 44. 

b )  V i b r a t i o n  - S/N 1 9  and 20 i n  t h e  a x i s  th rough  c e n t e r  l i n e  
of t h e  d i s c  and S/N 31 and 32 i n  t h e  axis 90" t o  the center 
l i n e  . 
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4.0 

4.8.1 

TEST PROCEDURES (continued) 

c on t h u e d  

c) Burst - SIN 1 thru 25 at a pressure rise of one (1) psi/stc 
and S/N 26 thru 50 at a pressure rise of forty (40)  psi/sec 
with the following temperatures and pressurization gas. 

Pressurization Gas Temperature 
Nitrogen 4160.F 

s/N 
1 thru 8 

9 thsu 1s Nitrogen - '301F 
17 and 20 Nitrogen , + 70°F 

*21 thru 30 Fluorine + 70.F 

31 and 34 Ni trogen + 70.P 

I 

35 thru 42 Ni trogtn - 30.F 
43 thru 50 Nitrogen +160°F 

* C A U T I O N :  S/Fi 21 thru 30 must be cleaned a d  
passivated before burst. 

Life Cycling - 
a) Install the rupture disc in the rupture disc assembly per 

manufacturer's instructions. 

b) Install the rupture disc assembly in the test setup as shorn 
in Figure VII. 

c) Instrumentation - Recorder channel identification and scale 
ranges shall be as follows: (Paper speed 2.5 mm/sec) 

CHANNEL N O .  CIIAYNEL I DLNTI FICATION SCALE RANGE 

d) Cycle the ullage tank pressure from 10,O 2 5.0 p i g  to 30.5 - + 1.0 p i g  to 10.0 2 5.0 psig with ambient temperature nitrogen 
gas for 200 cycles, 
Measure total leakage after each 50 cycles of operation with 
ullage tank pressure at 30.5 2 1.0 psig. 
sure rise rate shall not exceed 1 psi/sec. 

at a rate of 30 2 15 cycles  per hour. 

The ullage tank pres- 
- 



4.0 TEST PROCEDURES (contmued) 

4,8.2 Vibration 0 
a) Install the rupture disc ,in the rupture disc assembly per 

manufacturer's instructions. 

b) Install the rupture disc in the test setup as shown in Figure . 
I with instrumentation as required. 

c) Instrumentation - Instrumentation on recorder channels aa 
required to record vibration input and output. 

d) Increase pressure to 30.5 2 1.0 psig and commence the slow 
. speed vibration scanning sweep, at frequencies and amplitudes 
of combined sinusoidal random vibration as shown in Figure I1 
and I11 and a sweep period as shown in Figure IV. Measure 
leakage during the entire @can. 
per houro . 

Leakage shall not exceed 5 SCC 

4.8.3 Burst 

a) Install the rupture disc in the rupture disc assembly per 
manufacturer's instructions. 

b) Install the rupture disc assembly in the test setup as shown 
in Figure nC2 2 .  

c) Instrumentation - Recorder channel identification and scale 
ranges shall be as follows: (Paper speed 2.5 rmn/sec) 

CHANNEL NO. C HAVNEL I DENT I FIC AT1 ON SCALE RANGE 

1 Ullage tank pressure 0 - 50 psig 
2 Rupture disc assy temperature -50 t0 +200.F 

d)  With the setting - of the flow control valve and the test specimen 
temperature per paragraph 4.8c, increase the silage tank pressure 
until rupture disc bursts. 
psig. 

Burst pressure shall be 36.5 2 1.5 

CAUTION: Test  system must be passivated before performing 
the burst test on S/N 21 thru 30 with fluorine gaa. 
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4 .o TEST PROCEDURES (cont inued)  

B u r s t  - 4.9 

4.9.1 R e l i e f  Valve - 
a) I n s t a l l  t he  t e s t  specimen i n  t h e  t e s t  s e t u p  shown i n  Figure  VIII. 

b) I n c r e a s e  i n l e t  p o r t  pressure t o  70 p s i g  and hold f o r  3 minutes.  
There s h a l l  be no evidence of r u p t u r e .  

c )  I n c r e a s e  i n l e t  por t  p re s su re  t o  100 p s i g  or u n t i l  t e s t  specimen 
rup tu res .  

d )  I f  t e s t  specimen ruptqres  below 100 psig, r eco rd  r u p t u r e  p re s su re .  

4.9.2 Rupture Disc - ., 
a )  I n s t a l l  t h e  r u p t u r e  d i s c  i n  t h e  r u p t u r e  d i s c  assembly,per  

manufac turer ' s  i n s t r u c t i o n s .  

b) I n s t a l l  t h e  r u p t u r e  d i s c  assembly i n  t h e  t e s t  setup as shown 
i n  F igure  VILI. 

c )  Ins t rumen ta t ion  - Recorder channel  i d e n t i f i c a t i o n  and scale 
ranges  s h a l l  be as fol lows:  (Paper Speed 2.5 mm/sec) 

CHAXXEL NO. CHANNEL WENT IFICATION SCALE RANGE 

1 I n l  e t  po r t  pre seure 0 50 p s i 6  

2 T e s t  specimen tempera ture  -50 t o  +200.F 

d )  Slowly i n c r e a s e  the  i n l e t  p r e s s u r e  u n t i l  t e s t  specimen r u p t u r e s .  
Rupture p re s su re  s h a l l  be 36.5 2 1.0 ps ig .  
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